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SUMMARY
P r io r  to the commencement o f  t h i s  study ( i n  19 67 ) ,  
no methods had been published f o r  the i s o l a t i o n  from r a t  
l i v e r  of  the s u b s t a n t ia l  p ropor t ion  (up to 40%) o f  the  
plasma membrane fragments which sediment w ith  the c l a s s i c a l  
microsomal f r a c t i o n .  El Aaser ejb a l . .  (1966a) and F itzs im ons  
( 1 9 6 9 ) ,  using a B-IV  zonal r o t o r ,  were unable to complete ly  
separate  the plasma membrane fragments from the smooth 
endoplasmic re t ic u lu m  by c e n t r i f u g a t io n  in  the presence or  
absence o f •Mg^+ions.
Fu r ther  at tempts to p u r i f y  the microsomal p.m. fragments  
by isopy n ic  zonal c e n t r i f u g a t io n  in  the B-XIV and B-XV r o to r s  
are reported  in  t h i s  t h e s is .  C e n t r i fu g a t io n  c o nd i t ion s  
( in c lu d in g  the pH and Mg^+ion conce n tra t ion  o f  the g r a d ie n t ,  
and the use o f  f l o t a t i o n  r a t h e r  than sed im entat ion)  were 
v a r ie d  but f a i l e d  to produce even an approximate ly  pure p.m.
f r a c t i o n ,  as judged by the marker enzyme, AMPa<se. L - l e u c y l - j / f  -
. • . / 
naphthylamidase was examined as a poss ib le  a l t e r n a t i v e  p.m.
marker enzyme but was found to be a lso  present  in  lysosomes.
The c o n t r ib u t io n  of  adsorbed s o lub le  p r o t e in s ,
■ ■ I■ ■ ■ ■  of o ther  s u b c e l lu l a r  e n t i t i e s ,  to the im p u r i t y  
of  the p.m. was s tud ied .
A p u r i f i e d  microsomal p.m. f r a c t i o n  uas f i n a l l y  i s o l a t e d  
by isopycn ic  c e n t r i f u g a t io n  of  a microsomal f r a c t i o n  p r e - t r e a t e d  
by incub at io n  with  lead ions and s o n ic a t io n .  The c o n c e n tra t io n  
of lead ions during p r e - in c u b a t io n  was found to be c r i t i c a l ,  O.BmM 
being opt im al  fo r  r a t  l i v e r  microsomes. The technique was
used s u cc e ss fu l ly  fo r  the i s o l a t i o n  o f  p.m. fragments from 
r a t  hepatoma and dog l i v e r  microsomes, although a higher  
c once ntra t ion  o f  lead ions (ImM) was requ ired  in  both cases.
The submicrosomal d i s t r i b u t i o n  o f  var ious  o ther  enzymes, 
in c lu d in g  a l k a l i n e  and ac id  r ibonuc leases  and phosphodiesterases,  
a l k a l i n e  p-n itrophenylphosphatase and L - le u c y l - ^ - n a p h t h y la m id a s e  
was studied  and the a c t i v i t i e s  o f  these enzymes in  microsomal 
p.m. compared to the a c t i v i t i e s  in  nuc lear  p.m. prepared by
e.
the technique o f  Hinton e^ t £ 1 .  ( 1 9 7 0 ) .
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CHAPTER ONE: INTRODUCTION
A. TISSUE FRACTIONATION
( i )  Fun d am e n ta l  A s p e c ts
De Duve (1 9 6 4 )  has d e f i n e d  t i s s u e  f r a c t i o n a t i o n  as
*The c h e m i s t f s a p p ro a ch  t o  an i n t e g r a t e d  s t u d y  o f  c e l l
s t r u c t u r e  and f u n c t i o n 1. The u l t i m a t e  aim i s  t o  c o r r e l a t e
c h e m ic a l ,  b i o c h e m i c a l  and m o r p h o l o g i c a l  - o b s e r v a t i o n s  on
t h e  t i s s u e  f r a c t i o n  w i t h  s t r u c t u r e  and f u n c t i o n  i n  t h e
i n t a c t  c e l l .  T h i s  c o r r e l a t i o n  i s  hampered by a n e c e s s i t y
t o  f r a c t u r e  th e  c e l l  membrane i n  o r d e r  t o  r e l e a s e  t h e
v a r i o u s  s u b c e l l u l a r  com ponen ts ,  r e s u l t i n g  i n e v i t a b l y  i n  some
d e gre e  o f  damage t o  th e s e  com p on e n ts .  A m y r i a d  o f  w e i r d
and w o n d e r f u l  d e v i c e s  have been used t o  a c h ie v e  c e l l
b re a k a g e .  E a r l y  w o r k e r s  g ro un d  t h e i r  t i s s u e  i n  a p e s t l e
and m o r t a r  o r  w i t h  sand ( B e n s le y  and H o e r r  1934 ,  C laude
and P o t t e r  1943)  b u t  more s o p h i s t i c a t e d  t e c h n i q u e s  a re
now u se d .  Among th o s e  employed f o r  mammalian t i s s u e s ,  t h e
one t h a t  i s  commonly used i s  t h e  m o d i f i e d  P o t t e r - E l v e h j e m
h o m o g e n is e r  ( P o t t e r  and E lv e h je m  1936 ,  P i e r c e  e t  a l .  1 9 5 3 ) ,
i n  w h ic h  a T e f l o n  p e s t l e  r e v o l v e s  a t  h i g h  speed i n  a g l a s s
v e s s e l  c o n t a i n i n g  t h e  t i s s u e  and s u s p e n d in g  medium, t h e r e
+ h o u s a n d H i6  o f  cun i n c h
b e in g  a c l e a r a n c e  o f  a f e u ^ ^ ^ d  be tween p e s t l e  and v e s s e l .
O th e r s  somet imes  chosen a re  t h e  Dounce h o m o g e n is e r  (Dounce 
ejb aJL. 1 9 5 5 ) ,  t h e  n i t r o g e n - p r e s s u r e  h o m o g e n is e r  ( H u n t e r  
and Commerford  1 9 6 1 ) ,  t h e  U a r i n g  b l e n d o r  and u l t r a s o u n d .
H a v in g  p r e p a r e d  a s o - c a l l e d  homogenate  (A m isnomer  
r e a l l y ,  as th e  s u s p e n s io n  i s  h e te r o g e n e o u s  i n  t h e  e x t r e m e .  
A n d e r s o n / p r e f e r s  t h e  te rm  * b r e i f p n H H H H lU i t h e  
q u e s t i o n  i s  how t o  s e p a r a t e  t h e  v a r i o u s  i n t r a c e l l u l a r
e n t i t i e s  t h e r e i n .  T h i s  i s  a lm o s t  w i t h o u t  e x c e p t i o n  done
by c e n t r i f u g a t i o n .  An e x a m in a t i o n  o f  t h e  e le m e n t a r y
p r i n c i p l e s  o f  t h i s  p r o c e d u r e  i s  p e r t i n e n t  a t  t h i s  p o i n t .
F u l l  a c c o u n t s  o f  b o th  t h e o r e t i c a l  (de Duve ejt a l , .  1959)  and 
c o n c e p t u a l  (de  Duve 1964)  a p p ro a c h e s  t o  t h i s  t o p i c  have been 
p u b l i s h e d .
P a r t i c l e s  o f  d i f f e r e n t  s i z e  o r  d e n s i t y  can be s e p a r a t e d  
by c e n t r i f u g a t i o n  i n  a s u p p o r t i n g  medium by v i r t u e  o f  t h e i r  
d i f f e r e n t  s e d i m e n t a t i o n  r a t e s  i n  a g r a v i t i o n a l  f i e l d .  
E le m e n ta r y  m a th e m a t i c s  show t h i s :  
i t  can e a s i l y  be shown t h a t ,
V = tix =S j)& p  W 2X (l)
d t  f
where i s  t h e  vo lume o f  t h e  p a r t i c l e ,
o r  f o r  a s p h e r i c a l  p a r t i c l e ,
v = dx = 4 TT r 3 h p  w2x ( 2 )
d t  3 f
where v i s  t h e  v e l o c i t y  o f  t h e  p a r t i c l e  o f  r a d i u s ,  r ,  
s e d im e n t i n g  i n  a c e n t r i f u g e  w i t h  a n g u l a r  v e l o c i t y ,  w, a t  
a d i s p l a c e m e n t ,  x ,  f ro m  th e  a x i s  o f  r o t a t i o n .  h p  i s  t h e  
d i f f e r e n c e  be tween th e  d e n s i t y  o f  t h e  p a r t i c l e  and t h a t  o f  
t h e  s u s p e n d in g  medium, and f  t h e  f r i c t i o n a l  c o e f f i c i e n t .
Or ,  i n  t e rm s  o f  t h e  commonly used s e d i m e n t a t i o n  c o n s t a n t ,  
s ,  t h e  v e l o c i t y  p e r  u n i t  g r a v i t a t i o n a l  f i e l d ,
S t o k e s 1 l aw  g i v e s  f  f o r  a s p h e r e ,  
f  = 6 TT r
where r |  i s  t h e  v i s c o s i t y  o f  t h e  medium.
Hence,
s = 2//3  T2 h p  t ■ ( 4 )
X  ; ;
By i n t r o d u c i n g  t h e  f r i c t i o n a l  r a t i o ,  v , d e f i n e d  as t h e  
r a t i o  o f  t h e  f r i c t i o n a l  c o e f f i c i e n t  o f  a p a r t i c l e  t o  t h a t  
o f  a s p h e re  o f  e q u a l  vo lu m e ,  t h i s  e q u a t i o n  can be g e n e r a l i s e d :
s = ^  Z—A y O _  ( 5 )
T
where r  i s  now t h e  r a d i u s  o f  t h e  s p h e re  o f  e q u a l  vo lume t o  
t h e  p a r t i c l e .  Thus a h e te ro g e n e o u s  p o p u l a t i o n  o f  p a r t i c l e s  ; 
can be s e p a r a t e d  on th e  b a s i s  o f  d i f f e r e n c e s  i n  t h e i r  d e n s i t i e s ,
are based
s i z e s  and sh a pe s .  T h i s  i s  t h e  p r i n c i p l e  on whichy^the 
c l a s s i c a l  d i f f e r e n t i a l  c e n t r i f u g a t i o n  t e c h n i q u e s ,  i n  w h ic h  
a c ru d e  n u c l e a r ,  m i t o c h o n d r i a l ,  l y s o s o m a l  and m i c r o s o m a l - 
f r a c t i o n  a re  p e l l e t e d  s e p a r a t e l y  f ro m  a homogenate  by 
s u c c e s s i v e l y  i n c r e a s i n g  c e n t r i f u g a l  f o r c e s g B B H r i H H l *
De Duve e t  ' a l .  (1955) '  have shown how t h i s  t e c h n i q u e ,  when 
c a r e f u l l y  a p p l i e d ,  can y i e l d  much v a l u a b l e  i n f o r m a t i o n .  A 
v a r i e t y  o f  med ia  have been used i n  t h i s  t y p e  o f  f r a c t i o n a t i o n  
b u t  t h e  commonest i s  i s o t o n i c  ( 0 .2 5 N )  s u c r o s e .
So i n  d i f f e r e n t i a l  c e n t r i f u g a t i o n  l i e  t h e  r o o t s  o f  t i s s u e  
f r a c t i o n a t i o n .  However ,  t h e r e  a r e  c e r t a i n  l o o p h o l e s  i n  
t h i s  s y s te m ,  r e s u l t i n g  i n  i t s  i n a b i l i t y  t o  y i e l d  h i g h l y  
p u r i f i e d  o r g a n e l l e s .  Thus th e  t i m e ,  t ,  r e q u i r e d  f o r  a
p a r t i c l e  a t  p o i n t  £  i n  a c e n t r i f u g e  t u b e  t o  s e d im e n t  t o  t h e
b o t to m  can be fo u n d  f ro m  e q u a t i o n  ( 5 )  by i n t e g r a t i o n :  
T hus ,  -
= JL ^
u 2x 1
v = dx 
d t
ilii = 2/ 9^ ii2:dt ' ^
and,
f  dx_ = 2/^9 r 2 A p u 2 / d t  ( 6 )
7  x
Hence,
t  = 9 / „  0 fl I n  R b /
2 a .  2r  u p  u
Ra ( 7 )
o r ,
t  = l / s u 2 i n  R b /Ra ( 8 )
u h e re  Rb and Ra a r e ,  r e s p e c t i v e l y  t h e  d i s t a n c e s  f ro m  t h e  
a x i s  o f  r o t a t i o n  o f  t h e  b o t to m  o f  t u b e  and t h e  p o i n t  a .
Hence a p a r t i c l e  u i t h  a l o u  s e d i m e n t a t i o n  c o n s t a n t  n e a r  
t h e  b o t to m  o f  t h e  tu b e  c o u ld  s e d im e n t  t o  t h e  b o t to m  b e f o r e  
a p a r t i c l e  o f  h i g h e r  s v a lu e  a t  t h e  to p  o f  t h e  t u b e ,  c a u s in g  
i n e v i t a b l e  c o n t a m i n a t i o n  o f  t h e  p e l l e t .  In  a d d i t i o n ,  
b i o c h e m i c a l l y  o r  m o r p h o l o g i c a l l y  d i s t i n c t  p a r t i c l e  p o p u l a t i o n s  
o f t e n  have e x t e n s i v e l y  o v e r l a p p i n g  s e d i m e n t a t i o n  c o n s t a n t s .
( i i )  C e n t r i f u g a t i o n  .in d e n s i t y  g r a d i e n t s
One o f  t h e  most i m p o r t a n t  advances  i n  c e l l  f r a c t i o n a t i o n  
methods has been t h e  i n t r o d u c t i o n  o f  d e n s i t y  g r a d i e n t  
c e n t r i f u g a t i o n .  One o f  t h e  e a r l i e s t  examples  o f  i t s  use 
was i n  the p u r i f i c a t i o n  o f  y e l l o u - d u a r f  v i r u s  f ro m  d is e a s e d
r
N i c o t i a n a  B u s t i c a  p l a n t s  by B ra kke  (1 9 5 1 )  who used a s u c ro s e  
g r a d i e n t .
In  t h i s  t e c h n i q u e ,  a t i s s u e  e x t r a c t  i s  l a y e r e d  u n d e r  o r  
o v e r  o r  d i s t r i b u t e d  e v e n l y  t h r o u g h o u t  a c o n t i n u o u s  o r  
d i s c o n t i n u o u s  g r a d i e n t  o f  s e p a r a t i o n  medium. . C e n t r i f u g a t i o n  
i s  t h e n  commenced.
I t  can be s to p p e d  e i t h e r :
( i )  when t h e  v a r i o u s  p a r t i c l e s  have re a c h e d  t h e i r
e q u i l i b r i u m  d e n s i t i e s  i n  t h e  g r a d i e n t  m a t e r i a l ,  
o r  ( i i )  w h i l e  t h e  p a r t i c l e s  a re  s t i l l  s e d i m e n t i n g .
In  case ( i ) ,  t h e  s e p a r a t i o n  depends o n l y  on d i f f e r e n c e s  i n  
t h e  e q u i l i b r i u m  d e n s i t i e s  o f  t h e  p a r t i c l e s . i n  t h e  medium 
and i n  case ( i i ) ,  m a i n l y  on d i f f e r e n c e s  i n  s e d i m e n t a t i o n  
r a t e s  o f  t h e  v a r i o u s  p a r t i c l e s .  The f o r m e r  has been te rm e d  
i s o p y c n i c - o r  ^ o e -  z o n a l  c e n t r i f u g a t i o n  and t h e  l a t t e r ,  
r a t e - o r  s - z o n a l  c e n t r i f u g a t i o n  (A n d e rs o n  1966 b ) .
In  many c a s e s ,  a p r i m a r y  s e p a r a t i o n  on t h e  b a s i s  o f
\  .
s e d i m e n t a t i o n  r a t e s ,  u s u a l l y  by d i f f e r e n t i a l  c e n t r i f u g a t i o n  
i s  c a r r i e d  o u t ,  f o l l o w e d  by a more r e f i n e d  s e p a r a t i o n  by 
( i )  o r  ( i i )  above .
I t  has been shoun (B e a u fa y  and B e r t h e t  1963 ,  U a l l a c h  
and Kamat 1964)  t h a t  t h e  p r o p e r t i e s  o f  a p a r t i c l e  u h i c h  
d e t e r m in e  i t s  s e d i m e n t a t i o n  r a t e  i n  a c e n t r i f u g a l  f i e l d  
namely  s i z e ,  shape and d e n s i t y ,  a re  n o t  c o n s t a n t  b u t  depend 
t o  a l a r g e  e x t e n t  on t h e  c o m p o s i t i o n  o f  t h e  s u s p e n d in g  medium. 
These p r o p e r t i e s  a r e  a f f e c t e d  t o  v a r y i n g  d e g re e s  i n  d i f f e r e n t  
p a r t i c l e  p o p u l a t i o n s ,  and hence s e p a r a b i l i t y  depends v e r y  
much on t h e  medium use d .
A l t h o u g h  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  has been 
s u c c e s s f u l l y  used by many w o r k e r s ,  when c a r r i e d  o u t  i n  
o r t h o d o x  c e n t r i f u g e  t u b e s ,  t h e  t e c h n i q u e  s u f f e r s  f ro m  a 
s e v e r e  l a c k  o f  c a p a c i t y ,  p a r t i c u l a r l y  i n  h ig h - s p e e d  r o t o r s .
In  a d d i t i o n ,  t h e r e  i s  t h e  d i f f i c u l t y  o f  k e e p in g  t h e  g r a d i e n t  
s t a b l e  b e f o r e  and d u r i n g  a c c e l e r a t i o n  and d u r i n g  and a f t e r  
d e c e l e r a t i o n .  In  r a t e  s e p a r a t i o n ,  w a l l  e f f e c t s  i n f l u e n c e  
s e d i m e n t a t i o n  r a t e s  and hence d e c re a s e  r e s o l u t i o n .
( i i i )  Z o n a l  R o t o r s
The f a c t o r s  c o n s id e r e d  a t  t h e  end o f  t h e  p r e v i o u s  s e c t i o n  
have l e d  t o  t h e  d e v e lo p m e n t  o f  z o n a l  r o t o r s  (A n d e rs o n  1966 a)  
u h i c h  d i f f e r  f ro m  t h e  o r t h o d o x  v a r i e t y  i n  t h a t  t h e  c e n t r i f u g e  
t u b e  i s  e l i m i n a t e d  and r e p l a c e d  by a h o l l o w  c y l i n d r i c a l  r o t o r  
w h ic h  can be f i l l e d  and e m p t ie d  w h i l e  r o t a t i n g .  F i g .  1 . 1
shows one o f  t h e  B - s e r i e s  z o n a l  r o t o r s .
L o u -sp e e d  z o n a l  r o t o r s  ( t h e  nAn- s e r i e s )  were  t h e  f i r s t  
t o  be d e v e lo p e d  (A n d e rso n  ejfc a l  1966 a ) .  These i n c o p o r a t e d  
f o u r  s e c t o r - s h a p e d  c o m p ar tm en ts  be tween  p e r s p e x  s h e e t s .  The
I □ “
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Fig. l.lExploded View of an M S E  B-XIV/XV Zonal Rotor 
(•from  M SE Zonal roter «rwu»ual^
A - X I I ,  c o m m e r c i a l l y  a v a i l a b l e ,  has a c a p a c i t y  o f  1400 m l ,  
and a maximum speed o f  5 ,0 0 0  r e v / m i n .  The r o t o r s  a re  
l o a d e d  and u n lo a d e d  t h r o u g h  a s e a l  on th e  a x i s  o f  r o t a t i o n ,  
t h r o u g h  u h i c h  s o l u t i o n s  can be pumped t o  o r  f ro m  th e  c e n t r e  
o r  u a l l  o f  t h e  r o t o r .  The t r a n s p a r e n t  p e rs p e x  s h e e t s  e n a b le  
th e  p r o g r e s s  o f  t h e  s e p a r a t i o n  t o  be o b s e rv e d  by t h e  o p e r a t o r .  
B e in g  a s l o u - s p e e d  r o t o r ,  t h e  A - X I I  i s  s u i t a b l e  f o r  s e p a r a t i n g  
p a r t i c l e s  r a n g i n g  i n  s i z e  f ro m  u h o le  c e l l s  t o  m i t o c h o n d r i a .
I t .  has been s u c c e s s f u l l y  used i n  o u r  l a b o r a t o r y  f o r  t h e  
i s o l a t i o n  o f  l a r g e  p .m . s h e e t s  f ro m  a c ru d e  n u c l e a r  f r a c t i o n  
( E l  Aase r  1966 b, H in t o n  ert aJL., 1 9 7 0 ) .
An i n t e r m e d i a t e - s p e e d  r o t o r ,  t h e  HS i s  nou a v a i l a b l e .  
B a s i c a l l y  s i m i l a r  i n  d e s ig n  t o  t h e  A - X I I ,  i t  i s  s m a l l e r  and 
p o s se sse s  a re m o v a b le  s e a l  and i s  c a p a b le  o f  r e s o l v i n g  th e  
components  o f  a l y s o s o m a l  f r a c t i o n  (B u rg e  and H i n t o n ,  1 9 7 1 ) .
A need t o  s e p a r a t e  th e  s m a l l e r  s u b c e l l u l a r  p a r t i c l e s  
( v i z .  m ic ro s o m e s ,  r i b o s o m e s ,  s u b r i b o s o m a l  p a r t i c l e s )  and 
v i r u s e s  uas s a t i s f i e d  by t h e  d e s ig n  o f  t h e  h ig h - s p e e d  
B - s e r i e s  z o n a l  r o t o r s  (A n d e rso n  ej; a jL . , 1966 b ,  B a r r i n g e r  
je t  j a l . ,  1966,  Anderson  et_ a l ^ . , 1967)  o f  u h i c h  t h e  B -X IV  
and B-XV have been e x t e n s i v e l y  used i n  u o r k  d e s c r i b e d  i n  
t h i s  t h e s i s .  The components  o f  a B - r o t o r  a re  shoun i n  
F i g .  1 . 1  and maximum speeds ,  c a p a c i t i e s  e t c .  o f  b o th  t h e  
B -X IV  and B-XV r o t o r s  i n  T a b le  1 . 1 .  These r o t o r s  a r e  made 
o f  e i t h e r  a lu m in iu m  o r ,  f o r  t h e  a t t a i n m e n t  o f  g r e a t e r  s p e e d s ,  
t i t a n i u m .  The c h o ic e  b e tu e e n  B -X IV  o r  B-XV depends l a r g e l y  
on t h e  t y p e  o f  s e p a r a t i o n  t o  be c a r r i e d  o u t .  The B-XV i s  
l a r g e r  and hence has a g r e a t e r  sample  c a p a c i t y  b u t  i t s
TABLE 1.1
Rotor
Code
B-XIV
B-XIV
B-XV
B-XV
CHARACTERISTICS OF THE HIGH-SPEED 
B-XIV AND B-XV ZONAL ROTORS
Max.
 ^ , Speed ,, i U idth  Height
M eta l  ( r e v /m in )  V°lume (cm.)  (cm.)
A1 30,000 )
) 649 m l . 4 .3  5 .43
Ti 47 ,000 )
f l l  26 ,000  )
) 1666 ml. 6 . 5  7 .6 4
Ti 30,000 )
1, From uall of rotor to edge of core (i.e. gradient depth).
l o u e r  maximum speed causes  c e r t a i n  d i s a d v a n t a g e s  i n  i t s  use .  
F i r s t l y ,  when e n zym ic  s t u d i e s  a re  b e in g  c a r r i e d  c u t ,  i t  i s  
e s s e n t i a l  t h a t  t h e  f r a c t i o n a t i o n  s h o u ld  be c a r r i e d  o u t  as 
r a p i d l y  as p o s s i b l e .  W i th  t h e  a lu m in iu m  B-XV r o t o r ,  i n  
o r d e r  t o  a c h ie v e  i s o p y c n i c  c o n d i t i o n s  u i t h  m ic ro s o m a l  
membranes, c e n t r i f u g a t i o n  needs t o  be c o n t i n u e d  f o r  16 h o u rs  
u h i c h  i s  so l o n g  as t o  cause l o s s  i n  a c t i v i t y  o f  u n s t a b l e  
enzymes. , In  a d d i t i o n ,  any s u b t l e t i e s  i n  g r a d i e n t  d e s ig n  
te n d  t o  be i r o n e d  o u t  by v i b r a t i o n a l  d i s t u r b a n c e s  and d i f f u s i o n  
o v e r  t h i s  l o n g  p e r i o d .  U s in g  t h e  t i t a n i u m  B -X IV ,  c e n t r i f u g a t i o n  
t i m e  can be re d u c e d  t o  l e s s  t h a n  4 h o u r s ,  and t h e  g r a d i e n t  
k e e p s i t s  shape much more f a i t h f u l l y .  - P r o v id e d  t h e  g r a d i e n t  
i s  c o r r e c t l y  d e s ig n e d  t h i s  u i l l  l e a d  t o . im p ro v e d  s e p a r a t i o n s .
T a b le  1 ,2  shous t h e  u o r k i n g  ra n g e s  o f  each o f  t h e  t y p e s  
f o  z o n a l  r o t o r  d e s c r i b e d  above i n  t e rm s  o f  t h e  c l a s s i c a l  
d i f f e r e n t i a l  c e n t r i f u g a t i o n  f r a c t i o n s ,  and i l l u s t r a t e s  t h a t  
by use o f  t h e  c o r r e c t  r o t o r  i t  i s  p o s s i b l e  t o  s e p a r a t e  any 
s i z e  p a r t i c l e  f ro m  u h o le  c e l l s  r i g h t  doun t o  s u b r i b o s o m a l  
p a r t i c l e s , v i r u s e s  and m a c r o m o le c u le s .  P r a c t i c a l  d e t a i l s  
c o n c e r n i n g  o p e ra t i o n *  a re  c o n s id e r e d  u n d e r  ' M a t e r i a l s  and 
E x p e r i m e n t a l  M e t h o d s ' .  A s e l e c t i o n  o f  t h e  s e p a r a t i o n s  u h i c h  
can be a c h ie v e d  i n  t h e s e  " r o t o r s  i s  d e s c r i b e d  i n  t h e  
p r o c e e d i n g s  o f  sym pos ia  h e ld  i n  t h e i r  o p e r a t i o n  (A n d e rs o n  
1966 a, R e id  1971 ,  1 9 7 3 ) .
The amount o f  i n f o r m a t i o n  f u r n i s h e d  by z o n a l  r u n s  i s  
h a r d l y  m anageab le  by th e  human b r a i n  and s e v e r a l  c o m p u te r  
p ro g ra m s  have been w r i t t e n  t o  e n a b le  s e d i m e n t a t i o n  c o e f f i c i e n t s ,  
p u r i f i c a t i o n s ,  r e c o v e r i e s ,  t o t a l  a c t i v i t i e s  e t c .  t o  be 
c a l c u l a t e d  ( e . g .  H in t o n  1971 ,  B is h o p  1 9 6 6 ) .
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B. THE MICROSOMAL FRACTION:
ITS PREPARATION, CHARACTER ISAT ION & SUBTRACT IONAT ION
In  d i s c u s s i n g  t h e  m ic ro s o m a l  f r a c t i o n ,  i t  must  be h e ld  
i n  mind t h a t  t h e  f r a c t i o n  i s  d e f i n e d  o n l y  by t h e  t e c h n i q u e  
used i n  i t s  p r e p a r a t i o n  and i t s  c o m p o s i t i o n  w i l l  v a r y  a c c o r d i n g  
t o  t h e  p r e c i s e  c o n d i t i o n s  used .  As a v e r y  l o o s e  d e f i n i t i o n  
i t  can be te rm e d  t h e  l e a s t  r e a d i l y  s e d im e n t a b le  e le m e n t®  i n  
t h e  homogenate .
( i )  P r e p a r a t i o n  o f  t h e  m ic ro s o m a l  f r a c t i o n
A l b e r t  C laude  (1 9 4 8 )  i s o l a t e d  u h a t  he named m ic rosom es  
" f ro m  r a t  l i v e r  by f i r s t  re m o v in g  n u c l e i  and m i t o c h o n d r i a  f ro m  
a t i s s u e  e x t r a c t  by d i f f e r e n t i a l  s e d i m e n t a t i o n  and th e n  
s u b j e c t i n g  t h e  s u p e r n a t a n t  t o  u h a t  uas t h e n  a h i g h - s p e e d  s p i n ,  
a t  2 0 ,0 0 0 g  f o r  Ih .  . The i s o l a t i o n  t e c h n i q u e  uas p e r fo r m e d  
i n  d i l u t e  s a l t  s o l u t i o n s  a t  a s l i g h t l y  a l k a l i n e  pH. The 
e le m e n ts  o f  t h e  f r a c t i o n  u e re  fo u n d  t o  be beyond t h e  r e s o l v i n g  
p o u e r  o f  t h e  l i g h t  m i c r o s c o p e ,  hence C la u d e * s  a l t e r n a t i v e  
name, s u b m ic r o s c o p i c  p a r t i c l e s .  L i p i d  made up a b o u t  
o f  t h e  mass o f  t h e  m ic ro s o m e s ,  u h i c h  u e r e  a l s o  r i c h  i n  RNA.
The m ic ro s o m a l  e le m e n ts  c o n s t i t u t e d  a b o u t  15% o f  t h e  t o t a l  
c e l l  mass. S p e c u l a t i o n  as t o . t h e i r  f u n c t i o n  i n c l u d e d  a 
s u g g e s t i o n  t h a t  t h e y  u e re  t h e  a g e n t s  o f  p r o t e i n  s y n t h e s i s ,  
u h i c h  has ,  o f  c o u r s e ,  s i n c e  p ro v e d  t r u e .
Hogeboom ej; a l .  (1 9 4 8 )  used 0 . 88H s u c r o s e  i n  t h e i r  
i s o l a t i o n  t e c h n i q u e .  T h i s  uas because  t h e y  u e re  a l s o  
s t u d y i n g  m i t o c h o n d r i a ,  u h i c h  shoued b e t t e r  m o r p o h o l o g i c a l
■ p r e s e r v a t i o n  a t  t h i s  h i g h  c o n c e n t r a t i o n .  The m ic rosom es  
were s e d im e n te d  a t  ^ j O O O ^ f o r  2 h. , r e s u s p e n d e d  and spun 
a g a i n .  These w o r k e r s  a g a in  fo u n d  a h i g h  RNA c o n t e n t ,  a b o u t  
50% o f  t h e  t o t a l  i n  t h e i r  t i s s u e  e x t r a c t .  The f r a c t i o n  uas 
l a c k i n g  i n  s u c c i n o x i d a s e ,  u h i c h  shoued h i g h  a c t i v i t y  i n  
m i t o c h o n d r i a .
Between 1948 and 1956 ,  s e v e r a l  w o r k e r s  i s o l a t e d
m ic ro s o m a l  f r a c t i o n s  and s t u d i e d  t h e i r  c o m p o s i t i o n  (Barnum
and Huseby 1948,  Peterman e t  a l ,  1954 i n t e r  a l i a ) . H ouever
t h e o r i e s  as t o  t h e  p o i n t  o f  o r i g i n  o f  t h e  p a r t i c l e s  i n  t h e
c e l l  u e re  p u r e l y  s p e c u l a t i v e ,  and t h e  m ic r o s o m a l  f r a c t i o n
re m a in e d  l a r g e l y  u n c h a r a c t e r i s e d  u n t i l  t h e  e x t e n s i v e  b i o c h e m i c a l
and e l e c t r o n  m i c r o s c o p i c a l  s t u d i e s  o f  P a la d e  and S i e k e v i t z  on
l i v e r  ( P a la d e  and S i e k e v i t z  1956a)  and p a n c r e a t i c  m ic roso m e s
(P a la d e  and S i e k e v i t z  1 9 5 6 b ) .  They c o n c lu d e d  t h a t  t h e
m ic rosom es  c o n s i s t e d  l a r g e l y  o f  f r a g m e n t e d  e . r . , smooth  and
ro u g h ,  and t h a t  t h e  RNA uas l o c a t e d  i n  s m a l l  ( lO - 1 5 ip S i )
e l e c t r o n - d e n s e  p a r t i c l e s  a t t a c h e d  t o  and c h a r a c t e r i s t i c  o f
ro u g h  e . r .  T h i s  d i s p r o v e d  C l a u d e f s e a r l i e r  c o n t e n t i o n  t h a t
t h e  m ic ro s o m a l  f r a c t i o n  c o n s i s t e d  o f  d i s c r e t e  i n t r a c e l l u l a r
e n t i t i e s .  T r e a tm e n t  o f  t h e  m ic roso m e s  u i t h  EDTA and
r i b o n u c l e a s e  r e s u l t e d  i n ' a  l o s s  o f  RNA and d i s a p p e a r a n c e  o f
t h e  e l e c t r o n - d e n s e  p a r t i c l e s  v i s i b l e  u n d e r  t h e  e .m.
detached
T r e a tm e n t  u i t h  sod ium d e o x y c h o l a t e  mmmmmt t h e  RNA p a r t i c l e s  
u h i c h  c o u ld  t h e n  be h a r v e s t e d  by c e n t r i f u g a t i o n .  The h i g h  
p h o s p h o l i p i d  c o n t e n t  o f  t h e  m ic rosom es  uas l a r g e l y  membraneous.
Th e re  have been v e r y  u i d e  v a r i a t i o n s  i n  t h e  h o m o g e n i s a t i o n  
and c e n t r i f u g a l  methods used i n  t h e  i s o l a t i o n  o f  m ic roso m e s
( see  R e id  1 9 6 7 ) .  S u c rose  fo rm s  t h e  most  p o p u l a r  c h o i c e
f o r  h o m o g e n is a t i o n  medium. C o n c e n t r a t i o n s  be tween  0 .1 2  and
0.88P1 have been u sed ,  b u t  0.25^1 ( i s o t o n i c )  seems now t o  be
2t h e  most common. fig i o n s  a r e  somet imes  added t o  p r e s e r v e  
t h e  po lysom es  and r i b o s o m e s .  T r i s  o r  b i c a r b o n a t e  b u f f e r  a t  
a s l i g h t l y  a l k a l i n e  pH and v e r y  lo w  c o n c e n t r a t i o n  a re  common 
c o n s t i t u e n t s .  H o m o g e n is a t i o n  i s  u s u a l l y  p e r f o r m e d  w i t h  th e  
m o d i f i e d  P o t t e r - E l v e h j e m  a p p a r a t u s .  The homogenate  ( o r  
p o s t - n u c l e a r  f r a c t i o n  i f  t h e  c ru d e  n u c l e a r  f r a c t i o n  i s  
r e q u i r e d  f o r  f u r t h e r  a n a l y s i s ) '  i s  spun a t  an i n t e g r a t e d
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c e n t r i f u g a l  f o r c e  o f  1-2  x 10  9ave - m in  r e s u l t i n g  i n  re m o v a l
o f  n u c l e i ,  m i t o c h o n d r i a ,  c e l l  d e b r i s  and v a r y i n g  amounts
o f  ly so so m e s  ( e . g .  de Duve e_t a l .  1955,  D a l l n e r  1 9 6 3 ) .  The
h i g h e r  t h e  g - m in  v a l u e ,  t h e  more ly s o s o m e s  a r e  removed 
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a t  t h i s  s ta g e  b u t  t h e r e  i s  a c o n c o m i t a n t  i n c r e a s i n g  l o s s  
o f  m ic ro s o m a l  m a t e r i a l .  The s u p e r n a t a n t  f ro m  t h i s  s p i n  
c o n t a i n s  e s s e n t i a l l y  t h e  m ic ro s o m a l  f r a c t i o n  t o g e t h e r  w i t h  
t h e  f s o l u b l e *  phase o f  t h e  c e l l .  T h i s  s o - c a l l e d  p o s t -  
m i t o c h o n d r i a l  o r  p o s t - l y s o s o m a l  s u p e r n a t a n t  can e i t h e r  be 
s e p a r a t e d  d i r e c t l y  by d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  o r  
be used as i t  s t a n d s .  O t h e r w i s e  th e  m ic roso m e s  can be 
p e l l e t e d  by a f u r t h e r  s p i n .  The c e n t r i f u g a l  f o r c e  
r e q u i r e d  t o  s e d im e n t  t h e  m ic rosom es  i s  o f  t h e  o r d e r  o f  
6x10 9awe - m i n .  ( e . g .  E r n s t e r  ej: <al. 1 9 6 2 ) .  A l t h o u g h  
h i g h e r  v a lu e s  have been employed ( e . g .  D a l l n e r  1963)  t h e s e  
a p p e a r  t o  be u n n e c e s s a r y .
( i i )  S u b f r a c t i o n a t i o n  o f  t h e  m ic r o s o m a l  f r a c t i o n
The r e c o g n i t i o n  o f  t h e  m o r p h o l o g i c a l  h e t e r o g e n e i t y
o f  t h e  m ic r o s o m a l  f r a c t i o n  by P a lad e  and S i e k e v i t z  (1956 a )  
l e d  o t h e r  w o r k e r s  t o  a t t e m p t  t o  i s o l a t e  s u b f r a c t i o n s  by 
e x p l o i t i n g  d i f f e r e n c e s  i n  c e n t r i f u g a l  b e h a v i o u r  and re s p o n s e  
t o  c h e m ic a l  and m e c h a n ic a l  m o d i f i c a t i o n .  D a l l n e r  (1 9 63 )  
has p o i n t e d  o u t  t h a t ,  i n  c o n s i d e r i n g  s u b f r a c t i o n a t i o n  
p r o c e d u r e s ,  we must make a d i s t i n c t i o n  between s u b m ic ro s o m a l  
f r a c t i o n s  and m ic r o s o m a l  s u b f r a c t i o n s .  The d i s t i n c t i o n  
depends on w h e th e r  t h e  f r a c t i o n  i s  t h e  r e s u l t  o f  h e t e r o g e n e i t y  
i n d u c e d  by c h e m ic a l  o r  m e c h a n ic a l  means, such as i n  t h e  
p r e p a r a t i o n  o f  RNP p a r t i c l e s  by t r e a t m e n t  o f  m ic roso m e s  u i t h  
DOC ( e . g .  L i t t l e f i e l d  je t  a l .  1955)  o r  w h e th e r  i t  i s  p ro d u ce d  
by a h e t e r o g e n e i t y  i n h e r e n t  i n  m ic ro s o m e s ,  as i n  t h e  
s e p a r a t i o n  o f  smooth and ro u gh  e . r .  ( e . g .  H o u le  e t  a l . 1 9 6 0 ) .
The f o r m e r  i s  te rm e d  a s u b m ic ro s o m a l  f r a c t i o n  and t h e  l a t t e r  
a m ic r o s o m a l  s u b f r a c t i o n .
The p r i m a r y  p ro b le m  i n  m ic r o s o m a l  s u b f r a c t i o n a t i o n  
i s  t h e  s e p a r a t i o n  o f  smooth  and ro u gh  v e s i c l e s .  Th re e  
a p p ro a c h e s  have been m a d e : -  ( i )  e x p l o i t a t i o n  o f  d i f f e r e n c e s  
i n  s e d i m e n t a t i o n  r a t e  u s in g  c l a s s i c a l  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  ( i i )  e x p l o i t a t i o n  o f  d i f f e r e n c e s  i n  
s e d i m e n t a t i o n  r a t e s  i n  s u c r o s e  g r a d i e n t s  and ( i i i )  e x p l o i t a t i o  
o f  d i f f e r e n c e s  i n  e q u i l i b r i u m  d e n s i t i e s  i n  s u c r o s e  g r a d i e n t s .
H ou le  ej: a l . ( i 9 6 0 )  used d i f f e r e n t i a l  c e n t r i f u g a t i o n  
t o  o b t a i n  rou gh  and smooth e . r .  f r a c t i o n s  f ro m  t o t a l  
m ic ro s o m e s .  T h e i r  p r o c e d u r e  c o n s i s t e d  o f  s p i n n i n g  th e  
re su s p e n d e d  m ic ro s o m a l  f r a c t i o n  a t  4Q,000g f o r  2 h g i v i n g  
them a p e l l e t  o f  e s s e n t i a l l y  ro u gh  e . r .  The s u p e r n a t a n t  
f r o m  t h i s  s p i n ,  spun a t  1 4 5 ,0 0 0 g  f o r  3 h y i e l d e d  smooth
membranes f r e e  r i b o s o m e s  and f e r r i t i n  g r a n u l e s .  As 
m e n t io n e d  e ls e w h e r e  d i f f e r e n t i a l  c e n t r i f u g a t i o n  a lo n e  
can n e v e r  y i e l d  h i g h l y  p u r i f i e d  f r a c t i o n s .  T h i s  i s  
p a r t i c u l a r l y  so i n  t h e  case o f  m ic roso m e s  where t h e  smooth 
and ro u g h  s e d i m e n t a t i o n  r a t e s  o v e r l a p  c o n s i d e r a b l y  due t o  
l a r g e  v a r i a t i o n s  i n  s i z e s  w i t h i n  t h e  v e s i c l e  p o p u l a t i o n .
In  a l a t e r '  p a p e r  (Chauveau e t  a l . 1962)  t h e  same g ro u p  were 
a b le  t o  f u r t h e r  p u r i f y  t h e  smooth membranes by r e s u s p e n s i o n  
i n  1 .2 1  o r  1.25F1 s u c r o s e  f o l l o w e d  by c e n t r i f u g a t i o n  a t  
1 4 5 ,0 0 0 g  f o r  20 o r  40 h .  The smooth  membranes b e in g  l e s s  
dense th a n  t h e  medium, f l o a t  t o  the '  s u r f a c e  f o r m i n g  a 
p e l l i c l e  and t h e  r ib o s o m e s  and f e r r i t i n  s e d im e n t  t o  fo rm  
a p e l l e t .  The membranes were t o t a l l y  f r e e  o f  a t t a c h e d  
r ib o s o m e s  u n d e r  t h e  e l e c t r o n  m ic r o s c o p e .  The t i m e  r e q u i r e d  
t o  c o m p le te  t h e  p r e p a r a t i o n  i s  a m a jo r  d i s a d v a n t a g e  i n  t h i s  
p r o c e d u r e  as some m ic ro s o m a l  enzymes, p a r t i c u l a r l y  G6Pase, 
a re  r a t h e r  u n s t a b l e .
. - * R o t h s c h i l d  (1 9 6 1 ,  1963)  , u s i n g  a d i s c o n t i n u o u s  g r a d i e n t
o f  0 . 15fl s u c ro s e  c o n t a i n i n g  a p o s t - m i t o c h o n d r i a l  s u p e r n a t a n t
2+l a y e r e d  o v e r  1 .3 1 f l  s u c ro s e  c o n t a i n i n g  O. lmf l  fig , f o u n d  t h a t
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a f t e r  6-8  h c e n t r i f u g a t i o n  a t  4 0 ,0 0 0  r e v / m i n  i n  a S p in c o  
model L c e n t r i f u g e ,  No. 40 r o t o r ,  t h e  s e d i m e n t a t i o n  o f  r o u g h  
v e s i c l e s  was c o m p le te  b e f o r e  s i g n i f i c a n t  c o n t a m i n a t i o n  w i t h  
smooth v e s i c l e s  had ta k e n  p l a c e .  Smooth v e s i c l e s  
c o n t a m in a t e d  by f r e e  r i b o s o m e s  were i s o l a t e d  a t  t h e  i n t e r f a c e  
Removal o f  t h e  r ib o s o m e s  c o u ld  be e f f e c t e d  by d i l u t i o n  and 
r e s e d i m e n t a t i o n  g i v i n g  a p e l l e t  o f  smooth  membranes.  I n  
1963 D a l l n e r  p u b l i s h e d  an e x t e n s i v e  s e r i e s  o f  e x p e r i m e n t s  
on t h e  e f f e c t  o f  m e ta l  i o n s  on t h e  d e n s i t i e s  o f  m i c r o s o m a l
membranes. F o r  t h e s e  s t u d i e s ,  a * 1 0 , OOOg s u p e r n a t a n t 1
i s o l a t e d  i n  Q.-25M s u c r o s e  f ro m  a r a t  l i v e r  hornogenate was
used as a s t a r t i n g  medium. Uhen t h i s  was l a y e r e d  o v e r
1.30P7] s u c r o s e  and c e n t r i f u g e d  f o r  30 min a t  2 5 0 ,0 0 0 g  no
p e l l e t  was fo rm e d  and t h e  l o w e r  l a y e r  was fo u n d  t o  be
2 +hom ogeneous ly  t u r b i d .  However i f  5 o r  lOmfl Mg was 
added t o  t h e  sample  and t h e  g r a d i e n t  he was a b le  t o  o b t a i n  
2 s u b f r a c t i o n s ;  one a p p e a r i n g  as a f l u f f y  l a y e r  a t  t h e  
0 . 25P1/1 • 30f'l i n t e r f a c e ,  d e s ig n a t e d  s u b f r a c t i o n  I ,  and t h e  
o t h e r  as a t i g h t  p e l l e t  a t  t h e  f o o t  o f  t h e  tu b e  ( s u b f r a c t i o n  
S u b f r a c t i o n  I  was fo u n d  t o  c o n s i s t  o f  smooth v e s i c l e s  w h i l e  
s u b f r a c t i o n  I I ,  a l t h o u g h  c o n t a i n i n g  a s u b s t a n t i a l  p r o p o r t i o n  
o f  l a r g e r  smooth v e s i c l e s ,  was p r e d o m i n a n t l y  ro u g h  e . r , .
F re e  r ib o s o m e s  were a l s o  a p p a r e n t .  D T - d ia p h o r a s e  was l o c a t  
i n  s u b f r a c t i o n  I ,  w h i l e  s e v e r a l  enzymes s t u d i e d ,  NADH -  and 
NADPH -  s p e c i f i c  d i a p h o r a s e s  and c y to c h ro m e  C r e d u c t a s e s ,  
NDPase and GSPase, were c o n c e n t r a t e d  .a lm o s t  e x c l u s i v e l y  i n  
s u b f r a c t i o n  I I .  C y toch rom es  b^ and P4 5Q and NTPase showed 
a p p r o x i m a t e l y  e q u a l  s p e c i f i c  a c t i v i t i e s  i n  each s u b f r a c t i o n .  
P r e v io u s  h i s t o c h e m i c a l  and b i o c h e m i c a l  f i n d i n g s  ( T i c e  and 
B a r n e t t  1962 ,  Chauveau ejb ajL. 1962)  had d e m o n s t r a t e d  G6Pase
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i n  smooth as w e l l  as ro u gh  e . r . ,  i n d i c a t i n g  t h a t  D a l l n e r f s 
s u b f r a c t i o n  I ,  a l t h o u g h  hom ogeneous ly  sm oo th ,  was n o t  t r u l y  
r e p r e s e n t a t i v e  o f  smooth  e . r .
S i m i l a r  e x p e r i m e n t s  by D a l l n e r ,  i n  t h e  same p u b l i c a t i o n  
w i t h  lS-SOmf7! C s * i o n s  i n  t h e  g r a d i e n t  and a l o w e r  l a y e r  o f  
1.151*1 s u c r o s e  a g a in  y i e l d e d  two s u b f r a c t i o n s .  One 
( s u b f r a c t i o n  I )  a p pea red  a t  t h e  i n t e r f a c e  as a d o u b le  l a y e r  
and th e  o t h e r  ( s u b f r a c t i o n  I I )  as a t i g h t  p e l l e t .
■ S u b f r a c t i o n  I  a g a in  ‘c o n s i s t e d  o f  smooth v e s i c l e s ,  u h e re a s  
s u b f r a c t i o n  I I  c o n s i s t e d  e x c l u s i v e l y  o f  t h e  ro u g h  v a r i e t y  
t o g e t h e r  u i t h  f e r r i t i n  g r a n u l e s *  In  c o n t r a s t  t o  t h e  
Mg^.+ i o n  s t u d i e s ,  t h e  enzymes assayed  were a lm o s t  e q u a l l y  
d i s t r i b u t e d  between th e  two s u b f r a c t i o n s .  The P L / p r o t e i n  
r a t i o  uas 2 . 4 x h i g h e r  i n  s u b f r a c t i o n  I ,  and t h e  R N A / p r o t e i n  
r a t i o  6 x h i g h e r  i n  s u b f r a c t i o n l l .
D a l l n e r  c o n c lu d e d  f ro m  th e s e  r e s u l t s  t h a t  t h e r e  were
Z t y p e s  o f  m ic ro s o m a l  membranes, one ro u g h  and two sm oo th .
2+One v a r i e t y  o f  smooth v e s i c l e s  b i n d s  Mg u h e re a s  th e
2+o t h e r  does n o t .  The ro u g h  v e s i c l e s  b i n d  b o th  Mg and 
Cs+ . The tu o  t y p e s  o f  smooth membrane c o u ld  be s e p a r a t e d  
by l a y e r i n g  s u b f r a c t i o n  I  ( p r e p a r e d  i n  t h e  p re s e n c e  o f
n
Cs+i o n s )  i n  0.25M suc rose / lO m M  Mg *  o v e r  1.15M s u c r o s e /
2+lOmM Mg and c e n t r i f u g i n g  f o r  30 m in u t e s  a t  2 5 0 ,0 0 0 g .
The m a t e r i a l  a t  t h e  i n t e r f a c e  uas d e s ig n a t e d  f smooth  I f . 
and t h a t  i n  t h e  p e l l e t  f smooth I I * .  B o th  G6Pase and 
NADH-cytochrome c r e d u c t a s e  had s p e c i f i c  a c t i v i t i e s  5 -6  x 
h i g h e r  i n  t h e  smooth I I  f r a c t i o n ,  u h i c h  c o n t a i n e d  o v e r  § 
o f  t h e  p r o t e i n  o f  t h e  t o t a l  smooth s u b f r a c t i o n .  R N A /P ro te  
and P L / P r o t e i n  r a t i o s  u e re  s i m i l a r  i n  b o th  f r a c t i o n s .
s e p a ra te ly
By p r e p a r i n c ^ m i c r o s o m a l  membranes u s in g  an o r t h o d o x  
p r o c e d u r e  and r i b o s o m e s  ■ ■ ■ ■ f t l f c i  u s i n g  DOC ( E r n s t e r  ejt al^ 
1962)  D a l l n e r  uas a b le  t o  g a in  some f u r t h e r  i n s i g h t  i n t o  
t h e  mechanism o f  t h e  c a t i o n  e f f e c t .  Membranes l a y e r e d  - 
o v e r  heavy s u c ro s e  o f  d e n s i t y  1 .2 5  and c e n t r i f u g e d  i n  
t h e  absence o f  m e ta l  i o n s  o r  i n  t h e  p re s e n c e  o f  Cs+ y i e l d e d  
no p e l l e t ,  b u t  a p e l l e t  c o n t a i n i n g  4 / 5  o f  t h e  p r o t e i n  uas
2+o b t a i n e d  u i t h  Mg i o n s .  Uhen f r e e  r i b o s o m e s  u e re  l o a d e d
+ 9+t h e r e  uas a p e l l e t  b o th  u i t h  e i t h e r  Cs o r  Mg'- i o n s ,  b u t  n o t
i n  t h e  absence  o f  c a t i o n s .  T h i s  i n d i c a t e s  t h a t  t h e  C s * i o n s
2 +b in d  t o  r i b o s o m e s ,  and Mg '  i o n s  t o  b o th  t h e  r ib o s o m e s  and 
some o f  t h e  membranes.
In  d i s c u s s i n g  h i s  r e s u l t s ,  D a l l n e r  s t a t e s  t h a t  t h e  
*absence  o f  G6Pase f ro m  th e s e  ( t h e  smooth l )  v e s i d e s  
u a r r a n t s  f u t u r e  p r e c a u t i o n  i n  u s in g  t h i s  enzyme as a m a rk e r  
f o r  m ic ro s o m e s 1. I t  i s  a m a rk e r  f o r  t h e  e . r .  r a t h e r  th a n  
m ic ro s o m e s ,  and one c o u ld  e q u a l l y  u e l l  a rg ue  t h a t  t h e  smooth 
I  v / e s i c l e s  a re  n o t  d e r i v e d  f ro m  t h e  e . r .  a t *  a l l . -  He 
a c k n o u le d g e s  t h a t  h i s  f r a c t i o n s  *may s t i l l  be h e te r o g e n e o u s *  
and t h a t  t h e r e  may be p .m .  and G o l g i  v e s i c l e s  p r e s e n t  i n  
m ic ro s o m e s .  . S u b seq u e n t  u o r k  has r e v e a l e d  t h e  p re s e n c e  
c e r t a i n l y  o f  p .m.  ( e . g .  E l  A ase r  et, a l .  1966,) and p r o b a b l y  
o f  G o l g i  membranes ( e . g .  L e e l a v a t h i  et. a l .  1 9 7 0 ) ,
D a l l n e r  and N i l s s o n  (1 9 6 6 )  i n v e s t i g a t e d  t h e  mechanism
o f  t h e  c a t i o n  e f f e c t  f u r t h e r  by th e  use o f  t h e  r a d i o i s o t o p e s
137n + , 8 5 c 2+ / • ■> . m 2+ 28p, . ,Cs and Sr  ( r e p l a c i n g  Mg as Mg has a v e r y . s h o r t
h a l f - l i f e ) ,  l i g h t  s c a t t e r i n g  and m i l l i p o r e  f i l t r a t i o n .
From t h e  r e s u l t s  u i t h  t h e  l a s t  t u o  t e c h n i q u e s ,  i t  a p p e a rs
t h a t  C s * i o n s  cause a l l  t h e  ro u g h  and some o f  t h e  smooth
2
v e s i c l e s  t o  a g g r e g a t e ,  u h e re a s  Mg i o n s  e x e r t  s i m i l a r  
e f f e c t  on t h e  *smooth I I *  s u b f r a c t i o n  o n l y .  The a c t u a l  
b i n d i n g  o f  Cs* o r  Sr  "+ t o  t h e  v e s i c l e s  c o u ld  a c c o u n t  f o r  - 
o n l y  a 7% i n c r e a s e  i n  s e d i m e n t a t i o n  r a t e .
S in c e  th e  p r e s e n t  u o r k  had begun ,  D a l l n e r  and h i s
c o - u o r k e r s  have examined  each o f  t h e  t h r e e  s u b f r a c t i o n s  
d e s c r i b e d  above and have fo u n d  each t o  be e x t r e m e ly  
h e te r o g e n e o u s  uhen examined by d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  
( D a l l n e r  ejfc a l * 1968,  Glaumann e t  a l .  1968,  D a l lm an  ejt a l .  1969,  
Glaumann and D a l l n e r ,  1 9 7 0 ) .  I t  i s  s u r p r i s i n g  t h a t  u n t i l  
t h e i r  most r e c e n t  p a p e r ,  no a t t e n t i o n  has been p a id  by t h i s  
g ro u p  t o  t h e  p o s s i b l e  o c c u r r e n c e  o f  p .m .  v e s i c l e s  i n  t h e  
m ic ro s o m a l  f r a c t i o n .
C a r v a lh o  jet  a l . (1 9 6 5 )  suspended m ic rosom es  i n
s u c r o s e A ^ O  o f  d e n s i t y  1 . 2 3 ,  and span f o r  12h. a t  1 0 5 , 0 0 0 g .
The s u p e r n a t a n t  f ro m  t h i s  s p i n  uas d i l u t e d  t o  = 1 .1 8  and
spun a g a i n .  The s u p e r n a t a n t  f ro m  t h e  second s p i n  uas a g a in
d i l u t e d  t o  -  1 . 1 2  f o l l o u e d  by a t h i r d  s p i n .  In  t h i s  uay
t h e y  u e re  a b le  t o  i s o l a t e  t h r e e  s u b f r a c t i o n s  as p e l l e t s .
The c h e m ic a l  c o m p o s i t i o n s  o f  t h e  t h r e e  f r a c t i o n s  i n d i c a t e d
t h a t  t h e y  u e re  r ib o s o m e s  (^o > 1 . 2 3 ) ,  ro u g h  ex. {jo  = 1 .1 8  -  1 . 2 3 )
and smooth  e . r .  ( ^ > = 1 .1 2  -  1 . 1 8 ) .  They u e re  a b le  t o
d e m o n s t r a t e  i n  each o f  t h e s e  s u b f r a c t i o n s  an a b i l i t y  t o  
2 + 2+b i n d 'C a  and Hg i o n s .  Lack o f  e l e c t r o n  m i c r o g r a p h s  
p r e v e n t s  t h e i r  c o m p le te  c h a r a c t e r i z a t i o n  and e x t e n s i v e  c r o s s  
c o n t a m i n a t i o n  i s  q u i t e  l i k e l y .
S e v e r a l  a u t h o r s  have r e s o l v e d  t h e  smooth and ro u g h  
m ic rosom es  u s in g  e q u i l i b r i u m  b a n d in g  i n  c o n t i n u o u s  g r a d i e n t s .  
Thus D e c l o i t r e  and Chauveau ( c i t e d  f ro m  Houle"" 1967)  l a y e r e d  
r a t  l i v e r  m ic rosom es  u n de r  a s u c ro s e  g r a d i e n t  r a n g i n g  f ro m  
= , 1 . 2 8  -  1 .1 3  and s u b j e c t e d  th e s e  t o  40 h ^ c e n t r i f u g a t i o nyO , b o n U n c e n t n r u  j  
/  to a an SWZS r v t b r t o  2 -2 *10$
a t  2 5 ,0 0 0  rev /m i i j ^ .  Ribosomes u e re  i s o l a t e d  at^o = 1 . 2 6  -  1 . 2 8 ,
ro u gh  e . r . . a t > > =  1 .2 6  -  1 .2 1  and smooth  e . r .  a t  >o= 1 .2 1  -  1 . 1 3 ./ X) = J. # Z. U "• X % XX dllU o 111U U L. I I c • J. • ct U
No b i o c h e m i c a l  o r  c y t o c h e m i c a l  i n f o r m a t i o n  i s  p r o v i d e d  
a b o u t  t h e s e  f r a c t i o n s .
Anderson  and B u rg e r  (1 9 6 2 )  d e m o n s t ra te d  t h e  p o t e n t i a l  
o f  z o n a l  c e n t r i f u g a t i o n  f o r  s e p a r a t i n g  s u b c e l l u l a r  p a r t i c l e s  
and E l  A ase r  e t  a l A (1 9 6 6 a )  used a z o n a l  r o t o r ,  t h e  B - I V ,  t o  
f r a c t i o n a t e  a r a t  l i v e r  p o s t - m i t o c h o n d r i a l  s u p e r n a t a n t .  A 
s u c r o s e  g r a d i e n t  uas used and i n  o r d e r  t o  a c h ie v e  i s o p y c r i i c  
c o n d i t i o n s  f o r  t h e  membraneous c o n s t i t u e n t s ,  i t  uas ru n  f o r  
6 h. a t  4 0 ,0 0 0  r e v / m i n .  Smooth membranes u e re  fo u n d  
b e tu e e n  d e n s i t i e s  o f  1 .1 3  and 1 .1 5  and ro u g h  membranes a t  
yO = 1 . 2 0 .  These f r a c t i o n s  u e re  c h a r a c t e r i z e d  b o th  
b i o c h e m i c a l l y  and c y t o c h e m i c a l l y . A peak i n  R!\!A a t  jc> = 1 .1 6  
uas presumed t o  be due t o  f r e e  r ib o s o m e s  s t i l l  s e d i m e n t i n g .  
T h e i r  u o r k  i n  s e p a r a t i n g  p .m.  f r a g m e n t s  ( r e p o r t e d  i n  t h e  
same p a p e r )  i s  c o n s id e r e d  e l s e u h e r e  i n  t h i s  t h e s i s .  Lee 
ej: a l ,  (1 9 6 9 )  p e r fo rm e d  a s i m i l a r  s e p a r a t i o n  i n  a B-XXIX  
z o n a l  r o t o r  by s p i n n i n g  f o r  2h a t  2 5 ,0 0 0  r e v / m i n  i n  a s u c ro s e  
g r a d i e n t  c o n t a i n i n g  25mfl Cs+ . Here t h e  v a r i o u s  f r a c t i o n s  u e re  
i s o l a t e d  a t  p  = 1.10  - 1 . 1 5  (sm oo th  membranes) 1 1n 1 01
( r o u g h  membranes) a n d ^  = 1 .0 8  -  1 .1 4  ( f r e e  r i b o s o m e s ) .  
I n c i d e n t a l l y ,  F i t z s i m o n s  (1 9 6 9 )  has shoun t h a t  Cs+ i o n s  have 
l i t t l e  e f f e c t  on t h i s  s e p a r a t i o n .
In  a d d i t i o n  t o  t h e  s e p a r a t i o n  o f  smooth  and ro u g h  e . r . ,  
t h e  i s o l a t i o n  o f  t o t a l  m ic ro s o m a l  membranes f r e e  o f  a t t a c h e d  
r ib o s o m e s  has r e c e i v e d  a t t e n t i o n .  By i s o l a t i n g  t o t a l  
membranes i n  an undamaged s t a t e  i t  m i g h t  be p o s s i b l e  t o  
r e a t t a c h  r i b o s o m e s  o r  s u b u n i t s  and g a in  i n s i g h t  i n t o  t h e i r  
mode o f  a t t a c h m e n t .  DOC t r e a t m e n t  o f  u h o l e  m ic roso m e s
i n e v i t a b l y  ca uses  some damage t o  t h e  membranes, so a l t h o u g h  
y i e l d i n g  r ib o s o m e s  f r e e  o f  m e m b r a n e s ^ w i l l  n o t  do t h e  r e v e r s e .  
EDTA w i l l  r e l e a s e  some r ib o s o m e s  and s u b u n i t s  w i t h o u t  
c o n c o m i t a n t  damage t o  membranes b u t  i t  a p p e a rs  t h a t  a 
p r o p o r t i o n  ( ^  30/o) o f  t h e  RNA re m a in s  a t t a c h e d  even a t  h i g h  
EDTA c o n c e n t r a t i o n  ( S a b a t i n i  je t  al_. ,  1 9 6 6 ) .  I s o - o c t a n e  
t r e a t m e n t  has been t r i e d  ( H a u t r y  and S c h i r r e n ,  1962)  b u t  
t h e  membrane f r a c t i o n  i s o l a t e d  i n  t h i s  way uas shown by 
C am pbe l l  et, a l ,  (1 9 6 4 )  t o  be c o n t a m in a t e d  w i t h  r i b o s o m e s .  
S c o t t - B u r d e n  and H a u t r e y  (1 9 6 9 )  a p pe a r  t o  have s o l v e d  t h e  
p ro b le m  by t h e  use o f  l i t h i u m  c h l o r i d e .  T r e a tm e n t  o f  . 
m ic rosom es  u i t h  2 E l -L iC l  f o r  16 h, a t  pH 7 . 6 ,  f o l l o w e d  by 
d i f f e r e n t i a l  c e n t r i f u g a t i o n , y i e l d e d  membranes w h ic h  gave no 
p e l l e t  a f t e r  DOC t r e a t m e n t ,  showed no a t t a c h e d  r ib o s o m e s  
u n d e r  t h e  e .m. and had a v e r y  l o w  R N A / P r o te in  r a t i o .  Enzyme 
a c t i v i t i e s  (N A D H -o x id a se ,  G6Pase, r i b o n u c l e a s e )  were n o t  
d e s t r o y e d  by t h i s  p r o c e d u r e .  I f  t h i s  method were  a p p l i e d  
t o  i s o l a t e d  rough  membranes, t h e  r e s u l t a n t  membranes w ou ld  
be e x t r e m e l y  u s e f u l  i n  r e a t t a c h m e n t  e x p e r i m e n t s .  As i t  
has been a p p l i e d  by S c o t t - B u r d e n  and H a u t r e y ,  t h e  f r a c t i o n  
c o n s i s t s  o f  s m o o t h - s u r f a c e d  and w ha t  were r o u g h - s u r f a c e d  
membranes. The p re s e n c e  o f  smooth  e . r .  m i g h t  g i v e  r i s e  
t o  anomalous  r e s u l t s  i n  r e a t t a c h m e n t  e x p e r i m e n t s .
The f o r e g o i n g  has d e a l t  w i t h  s u b f r a c t i o n a t i o n  methods 
where t h e  o b j e c t  was t o  r e t a i n  m o r p h o l o g i c a l  and b i o c h e m i c a l  
i n t e g r i t y  as f a r  as p o s s i b l e .  I n f o r m a t i o n  c o n c e r n i n g  th e  
r o l e  o f  t h e  v a r i o u s  c o n s t i t u e n t s  can a l s o  be o b t a i n e d  by 
f r a c t i o n a t i o n  a f t e r  u s in g  p r o c e d u r e s  a imed a t  d e s t r o y i n g  
t h i s  i n t e g r i t y .  T u r r a x  b l e n d i n g ,  DOC, t r y p s i n  and a c e t o n e /
w a t e r  have been u se d .  I t  i s  n o t  i n t e n d e d  t o  be c o m p re h e n s iv e  
i n  r e v i e w i n g  th e s e  m e th o ds ,  b u t  r a t h e r  t o  p r o v i d e  exam ples  
o f  t h e i r  u s e f u l n e s s .
DOC has been w i d e l y  used i n  t h e  d i s s o l u t i o n  o f  
membranes. E r n s t e r  jet  a l .  (1 9 6 2 )  t r e a t e d  m ic rosom es  w i t h  
0 , 2 6 ^  DOC and o b t a i n e d ,  a f t e r  c e n t r i f u g a t i o n ,  t h r e e  
s u b f r a c t i o n s :
( i )  a t i g h t l y - p a c k e d  p e l l e t  c o n s i s t i n g  o f  RNP 
p a r t i c l e s  e s s e n t i a l l y  d e v o id  o f  enzyme a c t i v i t y .
( i i )  a smooth membrane f r a c t i o n  on to p  o f  t h e  
p e l l e t ,  c o n t a i n i n g  th e  G6Pase, ATPase, NADH-cy tochrome C 
r e d u c t a s e  and N ADH -d iapho rase  a c t i v i t i e s .
( i i i )  a c l e a r  s u p e r n a t a n t  i n  w h ic h  r e s i d e d  t h e  NADPH- 
Cyfc.c
r e d u c t a s e  and N ADPH-d iaphorase  a c t i v i t i e s  and c y t  b ^ .
The enzymes p r e s e n t  i n  t h e  s u p e r n a t a n t ,  t h e y  c o n c lu d e d ,  
were l o o s e l y  bound o r  p r e s e n t  w i t h i n  t h e  lumen o f  t h e  e . r .  
i n  a s o l u b l e  f o r m .  Packe r  ( 1 9 6 2 )  fo u n d  a l a r g e  p a r t  o f  t h e  
NADPH-cytc  r e d u c t a s e  a c t i v i t y  i n  t h e  RNP f r a c t i o n  b u t  i t  i s  
n o t  p o s s i b l e  t o  deduce f ro m  h i s  s h o r t  n o te  w h e t h e r  t h e r e  
was any m i x i n g  o f  membranes e le m e n ts  w i t h  t h e  RNP p e l l e t ,  
U l t r a - T u r r a x  b l e n d i n g  has been shown t o  r e s u l t  i n  t h e  
r e l e a s e  o f  D T -D ia p h o ra s e  and p a r t  o f  t h e  UDPase a c t i v i t y  * 
f ro m  m ic rosom es  ( E r n s t e r  and Jones 1 9 6 2 ) .  D a l l n e r  ( 1 9 6 3 )  
u n d e r t o o k  an e x t e n s i v e  s tu d y  o f  t h e  r e l e a s e  o f  enzymes, p r o t e i n  
and RNA f ro m  th e  m ic ro s o m a l  f r a c t i o n  by s u c c e s s i v e  U l t r a - T u r r a x
t r e a t m e n t s  f o l l o w e d  by DOC. The scheme he used t o  p r e p a r e  
h i s  s u b m ic ro s o m a l  f r a c t i o n s  i s  shown h e r e :
M ic rosom es
T u r r a x
t r e a t m e n t
( 2 »)
V
1 s t  p e l l e t
F o l lo w e d
by
1 0 5 , OOOg 
60 m i n . s p i n .
1 s t  S u p e r n a t a n t
1 s t  p e l l e t
d i t t o
2nd S u p e r n a t a n t
2nd p e l l e t
2nd p e l l e t
d i t t o
v
3 rd  S u p e r n a t a n t
3 rd  p e l l e t
3 rd  p e l l e t
0 . 2 6 %
DOC
F o l lo w e d  by 
c e n t r i f u g a t i o n  
a t  1 0 5 , OOOg
30 m in .
1 0 5 , OOOg 
s u p e r n a t a n t
^ Loose p e l l e t
t i g h t  p e l l e t
The T u r r a x  t r e a t m e n t s  s o l u b i l i s e d  o v e r  30% o f  t h e  t o t a l  
p r o t e i n  b u t  h a r d l y  any RNA o r  PL, whereas  t h e  s u b s e q u e n t  
DOC t r e a t m e n t  s o l u b i l i s e d  65/6 o f  t h e  r e m a i n i n g  p r o t e i n ,  
some PL, b u t  l i t t l e  RNA. The t o t a l  amount o f  p r o t e i n
r e l e a s e d  7 0 ^ )  uas o f  t h e  same o r d e r  as t h a t  r e l e a s e d
by th e  t r e a t m e n t  o f  u h o le  m ic roso m e s  u i t h  0,26%  DOC
( E r n s t e r  et, j a l * , 1 9 6 2 ) .  D a l l n  Jd ie d  th e  d i s t r i b u t i o n
CL
e l e c t r o n - t r a n s f e r  enzymes, f ^ e m o p ro te in s  and d i -  and t r i ­
p h o s p h a ta s e s  i n  t h e  v a r i o u s  s u b f r a c t i o n s  and uas a b l e  t o  
c a t e g o r i z e  th e s e  i n t o  5 g r o u p s :
( a )  C o n c e n t r a t e d  i n  t h e  s u p e r n a t a n t  a f t e r  T u r r a x
( c )  C o n c e n t r a te d  i n  t h e  D O C - in s o lu b l e  f r a c t i o n :
c y t . c
NADH-«pi» r e d u c t a s e ,  N A D H -d ia p h o ra se ,  G6Pase 
and NTPase.
( d )  C o n c e n t r a t e d  i n  t h e  D O C -s o lu b le  f r a c t i o n :  
c y t  bg.
( e )  P r e s e n t  i n  D O C -s o lu b le  and D O C - in s o lu b l e  
f r a c t i o n s  i n  e q u a l  am oun ts :  NADPH-cytc  
r e d u c t a s e  and N A D P H -d ia p h o rase .
The r i b o s o m a l  f r a c t i o n  l a c k e d  enzyme a c t i v i t y  ( c f .  E r n s t e r  
ejb £ 1 . ,  1962)  e x c e p t  f o r  / ^ 1 0 / o  o f  t h e  NTPase a c t i v i t y ,  u h i c h  
one u o u ld  h e s i t a t e  t o . c o n s id e r  i n d i g e n o u s  t o  r i b o s o m e s .
t r e a t m e n t :  D T - d ia p h o r a s e
( b )  P r e s e n t  i n  T u r r a x  s u p e r n a t a n t s ,  D O C -s o lu b le  
and D O C -a n s o lu b le  f r a c t i o n s :  • NDPase.
On th e  b a s i s  o f  t h e s e  f i n d i n g s  one can make s e v e r a l  
t e n t a t i v e  c o n c l u s i o n s .  The D T - d ia p h o r a s e  and NDPase, b e in g
e a s i l y  removed ,  a re  p r o b a b l y  i n  t h e  lumen o f  t h e  e . r . u h e r e a s
t h e  o t h e r  enzymes seem t o  be c h e m i c a l l y  bound t o  t h e  e . r . v
T h i s  b i n d i n g  i s  l e a s t  s t r o n g  i n  t h e  case o f  c y t  b c , NADPH- 
Cyt. c
mfdm r e d u c t a s e  and N A D P H -d iapho rase ,  u h i c h  u e re  removed by 
t h e  DOC t r e a t m e n t .
Omura 'e j :  a l . , (1 9 6 7 )  t r e a t e d  m ic rosom es  u i t h  t r y p s i n .
CujC.C
N e a r l y  a l l  t h e  NADPH-apriB r e d u c t a s e  uas r e l e a s e d  by an 
o v e r n i g h t  i n c u b a t i o ' n  u i t h  0 .0 0 5 $  t r y p s i n ,  C y t  b^ uas a l s o  
p a r t i a l l y  r e l e a s e d ,  t h e  e x t e n t  i n c r e a s i n g  u i t h  t r y p s i n  
c o n c e n t r a t i o n  up t o  0 . 1 $  ( c f  . E r n s t e r  ejt j a l . ,  1 9 6 2 ) .
E x t r a c t i o n  o f  l i p i d s  f ro m  t h e  membranes u i t h  a c e t o n e /
H90,  u h i c h  d e s t r o y s  t h e  u n i t  membrane s t r u c t u r e ,  a l s o
Cyt. c
d e s t r o y s  80$ o f  t h e  N A D H - f^ to  r e d u c t a s e  a c t i v i t y  f ro m  
m ic roso m e s  o f  8 - d a y  o l d  and a d u l t  r a t s  ( D a l l n e r  e t  a l .  1 9 6 6 ) .  
I n t e r e s t i n g l y ,  h a l f  o f  t h i s  a c t i v i t y  uas r e s t o r e d  on 
r e - a d d i t i o n  o f  n o n - s p e c i f i c  p h o s p h o l i p i d ,  i n d i c a t i n g  t h e  
l a c k  o f  i n f l u e n c e  o f  PL c o m p o s i t i o n  on enzyme p a t t e r n  
d u r i n g  d e v e lo p m e n t .
C. ISOLATION AND CHARACTERISTICS OF
L IVER AND HEPATOMA PLASMA MEMBRANE FRAGMENTS
The work  r e p o r t e d  i n  t h i s  t h e s i s  d e a l s  l a r g e l y  u i t h  
a t t e m p t s  t o  p u r i f y  and a n a l y s e  f m i c r o s o m a l f p .m.  u h i c h  i n  
th e  case o f  l i v e r  had n o t  been c h a r a c t e r i z e d  a t  t h e  t i m e  t h i s  
u o r k  uas s t a r t e d .  P r i o r  t o  t h e  commencement o f  t h i s  s t u d y ,  
t h e  f e u  p u b l i s h e d  p r o c e d u r e s  f o r  t h e  i s o l a t i o n  o f  p .m . 
f r a g m e n t s  used ' n u c l e a r '  s t a r t i n g  m a t e r i a l  i . e .  t h e  p e l l e t  
o b t a i n e d  a f t e r  s p i n n i n g  a homogenate  a t  l o u  speed f o r  a s h o r t  
t i m e .  In  t h e  p a s t  seven y e a r s ,  t h e r e  have been numerous 
d e s c r i p t i o n s  o f  methods f o r  t h e  i s o l a t i o n  o f  p .m .  f r a g m e n t s  
f ro m  t h e  n u c l e a r  f r a c t i o n ,  b u t  t h e  m ic ro s o m a l  f r a c t i o n ,  
u h i c h  c o n t a i n s  up t o  h a l f  o f  t h e  p . m . ,  as ju d g e d  by m a rk e r  
enzymes, has been l a r g e l y  n e g l e c t e d  as a s o u r c e ,
The l i m i t e d  amount o f  i n f o r m a t i o n  on 1 m i c r o s o m a l  * p .m .  . 
n e a r l y  a l l  o f  u h i c h  has been p u b l i s h e d  d u r i n g  t h e s e  s t u d i e s ,  
i s  c o n s id e r e d  i n  some d e t a i l  l a t e r .  The b u l k  o f  ' n u c l e a r '  
p .m .  s h e e t s  and f r a g m e n t s  a re  a t  l e a s t  t u o  o r d e r s  o f  m a g n i tu d e  
l a r g e r  t h a n  t h e i r  m ic ro s o m a l  c o u n t e r p a r t  and,  d u r i n g  i s o l a t i o n ,  
have t o  be s e p a r a t e d  f ro m  a d i f f e r e n t  ra n g e  o f .  f r a g m e n t s  
f r o m  th o s e  a s s o c i a t e d  u i t h  t h e  m ic ro s o m a l  f r a c t i o n .  Thus 
t h e  e x p e r i m e n t a l  t e c h n i q u e s  f o r  t h e  i s o l a t i o n  o f  ' n u c l e a r '  
p .m .  need n o t  be d i s c u s s e d  a t  g r e a t  l e n g t h  h e re  as t h e y  
o f f e r  f e u  g u i d e - l i n e s  f o r  a t t e m p t s  t o  i s o l a t e  ' m i c r o s o m a l 1 
p .m .  U ha t  a re  r e l e v a n t  a re  t h e  p a r a m e te r s  used t o  a s s e s s  
t h e  p u r i t y  o f  t h e  ' n u c l e a r *  p .m. f r a g m e n t s ,  and t h e i r  
e n z y m o l o g i c a l  and c h e m ic a l  m ake -up .  T h i s  u i l l  e n a b le  one t o  
r e c o g n i s e  'm i c r o s o m a l '  p . m . ,  assum ing  s i m i l a r i t i e s  e x i s t
b e tu e e n  t h i s  and t h e  p .m. i s o l a t e d  f r o m  th e  ’ n u c l e a r  f r a c t i o n ’ 
and a l s o ,  h y p o t h e t i c a l l y ,  t o  c o r r e l a t e  d i f f e r e n c e s  i n  make-up 
u i t h  f u n c t i o n a l  d i v e r s i t y  i n  t h e  t u o  t y p e s  o f  p .m.
In  o r d e r  t o  i d e n t i f y  p u r i f i e d  p .m .  and d i s t i n g u i s h  i t  
f r o m  o t h e r  s u b c e l l u l a r  f r a g m e n t s  and p a r t i c l e s ,  m o r p h o l o g i c a l ,  
c h e m ic a l  and e n z y m a t i c  c r i t e r i a  s h o u ld  i d e a l l y  be e m p lo ye d .  
B e f o r e  th e  l a t t e r  t u o  can ' be d e v e lo p e d ,  t h e  m o r p h o l o g i c a l  
c h a r a c t e r i s t i c s  o f  ' t h e  i s o l a t e d  f r a c t i o n  must be c o r r e l a t e d  
u i t h  t h o s e  o f  t h e  i n t a c t  c e l l  and homogenate .  T h i s  uas 
done by N e v i l l e  ( i 9 6 0 ) ,  uho p u b l i s h e d  t h e  f i r s t  p a p e r  on 
i s o l a t i o n  o f  p .m. f ro m  l i v e r .  He i s o l a t e d  p .m .  s h e e t s  
f ro m  a c ru d e  n u c l e a r  f r a c t i o n  o f  r a t  l i v e r ,  p r e p a r e d  f ro m  
a homogenate i n  0 .001N b i c a r b o n a t e  b u f f e r  p H 7 .5 ,  by r e p e a t e d  
u a s h in g  and f l o t a t i o n  f ro m  a s u c r o s e  s o l u t i o n  o f  d e n s i t y  
1 . 2 2 .  He uas a b le  t o  i d e n t i f y  t h e  b i l e  c a n a l i c u l a r ,  
m i c r o v i l l a r  and desmosomal s t r u c t u r e s  p r e s e n t  i n  t h e  i n t a c t  
c e l l .  S in c e  h i s  f r a c t i o n  c o n s i s t e d  l a r g e l y  o f  t u o  a d h e r e n t  
membranes o f  a d j a c e n t  c e l l s  t o g e t h e r  u i t h  b i l e  c a n a l i c u l i  
he c o n c lu d e d  t h a t  i t  uas p r o b a b l y  d e r i v e d  f ro m  t h e  b i l e  
f r o n t  r a t h e r  t h a n  t h e  s i n u s o i d a l  u a l l .
H e rz e n b e rg  and H e rz e n b e rg  ( 1 9 6 1 )  p r e p a r e d  a p .m .  f r a c t i o n  
f ro m  mouse l i v e r  i n  a manner s i m i l a r  i n  essence  t o  N e v i l l e ’ s
p r o c e d u r e ,  b u t  e m p lo y in g  0.25^1 s u c ro s e  a t  pH7 as h o m o g e n i s a t i o n
-followed by - f lo M io n
medium f ro m  p o ta s s iu m  b r o m id e .  T h e y ,  as
N e v i l l e ,  u e re  a b le  t o  i d e n t i f y  t h e  p .m .  by e s s e n t i a l l y  
m o r p h o l o g i c a l  c r i t e r i a ,  b u t  u s in g  t h e  l i g h t  m ic r o s c o p e  and 
im m u n o l o g i c a l  t e c h n i q u e s  u h e re a s  N e v i l l e  used th e  e l e c t r o n  
m ic r o s c o p e .
E n z y m a t i c  and c h e m ic a l  c h a r a c t e r i s a t i o n  o f  t h e  p.m. 
came u i t h  t h e  p a p e rs  o f  Emmelot and Bos (1 9 6 2 )  and 
Emmelot ejb a l .  ( 1 9 6 4 ) .  T h e i r  i s o l a t i o n  p r o c e d u r e  uas 
a d a p te d  d i r e c t l y  f ro m  N e v i l l e ’ s b u t  m o d i f i e d  by th e  
a d d i t i o n  o f  an e x t r a  s u c ro s e  l a y e r  o f  d e n s i t y  1 .1 8  o r  
1 . 2 0 .  Enzymes fo u n d  t o  be p r e s e n t  i n  t h e  p .m. a t  
much h i g h e r  l e v e l s  t h a n  i n  m ic rosom es  i n c l u d e d  5 ’ -
o  r\
n u c l e o t i d a s e ,  Mg * -A T P a s e ,  Na+ -  K+ -  Mg -  ATPase and
Cyfc.C.
NAD -  p y r o p h o s p h a t a s e ,  u h e re a s  G6Pase, e s t e r a s e ,  NADH-bbUI
r e d u c t a s e  and N A D -n u c le o s id a s e  a l t h o u g h  p r e s e n t  i n  t h e
p .m. p r e p a r a t i o n ,  u e re  more c o n c e n t r a t e d  i n  m ic ro s o m e s .
The p re s e n c e  o f  t h e  l a t t e r  f o u r  t y p i c a l l y  m ic r o s o m a l
enzymes i n  p .m .  poses t h e  q u e s t i o n  as t o  u h e t h e r  t h e y  a re
i n t r i n s i c  o r  c o n t a m i n a t i n g  a c t i v i t i e s .  T h i s  i s  s t i l l  a
m a t t e r  o f  d e b a te  b u t ,  on t h e  b a s i s  o f  t h e  l a c k  o f  ro u g h  e . r .
v e s i c l e s  u n de r  t h e  e l e c t r o n  m ic ro s c o p e  and th e  supposed
096+)
c o n t i n u i t y  o f  e . r .  and p .m ,  Emmelot ejfc . a l . / c o n s i d e r e d  t h a t  
t h e r e  uas no re a s o n  t o  assume t h e y  u e re  c o n t a m i n a n t s .  
A l k a l i n e  and a c i d  p - n i t r o p h e n y l p h o s p h a t a s e ,  p h o s p h o d i e s t e r a s  
(a s s a y e d  u i t h  b i s - p - n i t r o p h e n y l p h o s p h a t e )  and r i b o n u c l e a s e
u e re  a l s o  d e m o n s t r a b le  i n  t h e i r  p .m.  p r e p a r a t i o n s
0 9 6 4 )
u n f o r t u n a t e  t h a t  Emmelot ejb a l . . ^ d i d  n o t  i n c l u d e  
a c t i v i t i e s  i n  t h e i r  , p a p e r ,  hence no i n f o r m a t i o n  
t h e  y i e l d  o f  p .m. o r  r e l a t i v e  s p e c i f i c  a c t i v i t i e s  
can be g le a n e d  f ro m  t h e i r  u o r k .  S p e c i f i c  
o ^ t ^  p u r i f i e d  m a t e r i a l  a l o n e ,  as q u o te d  by 
al>j^t a re  l a r g e l y  u s e le s s  because  o f  l a r g e  
b e tu e e n  s t r a i n s  o f  r a t s ,  and even b e tu e e n  a n im a l s  
i n  m e  same s t r a i n .
a c t i v i t i e s
I t  i s  
homogenate 
c o n c e r n i n g  
o f  enzymes 
a c t i v i t i e s  
Emmelot e t  
v a r i a t i o n s
E m m e lo t ' s  g ro u p  have s i n c e  p u b l i s h e d  a s e r i e s  o f  
p a p e rs  on t h e  e n z y m a t i c  and c h e m ic a l  make-up o f  p .m. 
i s o l a t e d  i n  t h e  above manner and t h e  e f f e c t  o f  c h e m ic a l  
m o d i f i c a t i o n s  t h e r e o n .
Thus Emmelot and Bos (1 9 6 6 a )  f u r t h e r  i n v e s t i g a t e d  
t h e  p h o s p h a ta s e  a c t i v i t i e s  o f  r a t  l i v e r  p .m. and,  on th e  
b a s i s  o f  i n h i b i t i o n  and a c t i v a t i o n  s t u d i e s  u e re  a b le  t o  
r e s o l v e  p - n i t r o p h e n y l p h o s p h a t a s e  a c t i v i t y  i n t o  t h r e e  
com ponen ts :  ( i )  d e p e n d e n t  on K+ and fv1g ^ +i o n s  ( i i ) depend­
e n t  on f l g ^ + i o n s  and ( i i i )  i n s e n s i t i v e  t o  f i g ^ + i o n s .  T h i s  
g ro up  have a l s o  d e m o n s t ra te d  a c e t y l  p h o s p h a ta s e ,  K+~ a c e t y l  
p h o s p h a ta s e  (Emmelo t  and B e n e d e t t i  1967)  and L - l e u c y l - ^ J -  
n a p h t h y la m id a s e  (E m m e lo t ,  V i s s e r  and B e n e d e t t i  1968)  
a c t i v i t i e s  i n  p .m. p r e p a r a t i o n s .
Most  o f  t h e  p h o s p h a ta s e  a c t i v i t i e s ,  e x c e p t i o n s  b e in g
?+5 1- n u c l e o t i d a s e  and th e  f i g '  i n s e n s i t i v e  p - n i t r o p h e n y l -  
p h o s p h a ta s e ,  seem t o  be d e p e n d e n t  on membrane l i p i d ,  as 
shown by l i p i d  e x t r a c t i o n  p r o c e d u r e s  (Emmelo t  and Bos 
1 9 6 8 ) .  However ,  d e n a t u r a t i o n  o f  t h e  p r o t e i n  d u r i n g  
e x t r a c t i o n ,  by means o t h e r  th a n  s o l e l y  t h e  re m o v a l  o f  
l i p i d ,  c a n n o t  be r u l e d  o u t .
ie
LB lbe rm an  et. j a l .  (1 9 6 7 )  fo u n d  an N T P -p y ro p h o s p h a ta s e  
a c t i v i t y  i n  p .m. i s o l a t e d  ^  e s s e n t i a l l y r E m m e l o t 1s 
p r o c e d u r e .  S u c c e s s iv e  e x t r a c t i o n s  o f  t h e  membranes w i t h  - 
sod ium c h l o r i d e  r e s u l t e d  i n  a r e s i d u e  p o s s e s s in g  t w i c e  
t h e  o r i g i n a l  s p e c i f i c  a c t i v i t y ,  i n d i c a t i n g  t h a t  t h e  NTP- 
p y r o p h o s p h a ta s e  was i n t r i n s i c  r a t h e r  t h a n  an a b s o rb e d
c o n t a m in a n t .  F u r t h e r  enzymes were s u b j e c t e d  t o  t h i s  
e x t r a c t i o n  t e c h n i q u e  by L a n s in g . 'e j t  j a l .  ( 1 9 6 7 ) .  On 
t h e  b a s i s  o f  e x t r a c t a b i l i t i e s  and t h e  r a t i o s  o f  s p e c i f i c  
a c t i v i t i e s  i n  m ic rosom es  and p . m . ,  L ie b e rm an  e t  a l . 
a s s ig n e d  a c i d  and a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e ,  NAD -  
n u c l e o s i d a s e  and a l k a l i n e  p h o s p h o d ie s t e r a s e  ( b i s - p -  
n i t r o p h e n y i  p h o s p h a te  as s u b s t r a t e )  t o  t h e  p . m . ,  u h e re a s  
e s t e r a s e ,  ^ 3  - g l u c u r o n i d a s e  and an am y lase  a p pea red  t o  be 
m ic r o s o m a l  enzymes. A t h r e o n i n e - d e p e n d e n t  ATP-PPi  
exchange sys tem  fo u n d  i n  p .m.  c o u ld  be a lm o s t  c o m p l e t e l y  
removed by NaCl e x t r a c t i o n  and so uas c o n s id e r e d  by th e  
a u t h o r s  t o  be an a d so rb e d  c o n t a m i n a n t . •
The p .m .  p u r i f i c a t i o n  p r o c e d u r e s  d e s c r i b e d  by Song 
je t  ajL. (1 9 6 9 $ ,  Ray (1 9 7 0 )  and S t e i n  a t  a l .  (1 9 6 8 )  a re  
a g a in  m o d i f i c a t i o n s  o f  E m m e lo t f s t e c h n i q u e .  Song and 
c o u o r k e r s  (1969$ s i m p l i f i e d  E m m e lo t f s method by o m i t t i n g  
t h e  i n i t i a l  s e r i e s  o f  d i f f e r e n t i a l  c e n t r i f u g a t i o n s  and 
o b t a i n e d  a p .m . f r a c t i o n  u i t h  a h i g h  p r o p o r t i o n  o f  i n t a c t  
b i l e  c a n a l i c u l i .  The s p e c i f i c  a c t i v i t y  o f  5 1- n u c l e o t i d a s e  
uas s i m i l a r  t o  t h a t  ‘ r e p o r t e d  i n  p r e v i o u s l y  d e s c r i b e d  
p r e p a r a t i o n s .  I n t e r e s t i n g l y ,  a l k a l i n e ^ / 5 * - g l y c e r o p h o s p h a t a s  
uas d e t e c t a b l e ,  c o n t r a r y  t o  e a r l i e r  r e p o r t s  (Em melo t  ejt a l . 
1964 ,  Song and Bodansky 1 9 6 7 ) . •  T h i s  i s  c o m p a t i b l e  u i t h  
t h e  ueak h i s t o c h e m i c a l  s t a i n i n g  fo u n d  f o r  a l k a l i n e  p h o s p h a ta  
i n  b i l e  c a n a l i c u l a r  r e g i o n s  (see  n e x t  p a r a g r a p h ) .
A c c o r d in g  t o  Ray ( 1 9 7 0 ) ,  t h e  i n c l u s i o n  o f  0.5mM Ca^+ 
i o n s  i n  t h e  h o m o g e n is a t i o n  medium and d i l u t i o n  o f  t h e  
homogenate  t o  l g .  l i v e r  /  100  ml p r i o r  t o  t h e  i n i t i a l
d i f f e r e n t i a l  c e n t r i f u g a t i o n  r e s u l t s  i n  an im p ro v e d  y i e l d  
o f  p .m .  as compared t o  E m m e lo t ' s  me thod .  Ray used 
a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e  as a m a rk e r  f o r  p .m.
H is  j u s t i f i c a t i o n  f o r  d o in g  t h i s  i s  a l i t t l e  s u s p e c t  as 
t h e r e  i s  no h i s t o c h e m i c a l  e v id e n c e  f o r  t h e  l o c a l i s a t i o n  
o f  a l k a l i n e  p h o s p h a ta s e  i n  t h e  p .m. e x c e p t  f o r  t h e  ueak 
s t a i n i n g  fo u n d  by N o v i k o f f  ejt aJL. (1 9 6 2 )  u s i n g ^ J - g l y c e r o -  
p h o s p h a te  as s u b s t r a t e .  The h y d r o l y s i s  o f  p - n i t r o p h e n y l -  
p h o s p h a te  i s  u n l i k e l y  t o  be due t o  t h e  same enzyme as t h a t  
u h i c h  a t t a c k s y ^ - g l y c e r o p h o s p h a t e  ( B e n e d e t t i  and Emmelot 
1 9 6 8 ) .  I n  a d d i t i o n ,  t h e  absence  o f  a l k a l i n e  p - n i t r o p h e n y l  
p h o s p h a ta s e  f ro m  o t h e r  h i g h l y  p u r i f i e d  o r g a n e l l e s  has n o t  
been c o n f i r m e d .
The above t e c h n i q u e s  a l l  stem f ro m  th e  o r i g i n a l  N e v i l l
( i 9 6 0 )  m e thod .  Coleman ejt sal. (1 9 6 7 )  d e s c r i b e d  a n o v e l
p r o c e d u r e  u h i c h  u a s ,  b r i e f l y ,  t o  homogen ise  g e n t l y  and
s e d im e n t  t h e  c ru d e  n u c l e a r  f r a c t i o n .  The re s u s p e n d e d
p e l l e t  uas homogen ised  more v i g o r o u s l y  and c o n t a m i n a t i n g
m a t e r i a l  removed by s u c c e s s i v e  l o u  speed c e n t r i f u g a t i o n s .
The p u r i f i e d  p .m. uas f i n a l l y  i s o l a t e d  by i s o p y c n i c
c e n t r i f u g a t i o n  i n  a s u c ro s e  d e n s i t y  g r a d i e n t .  P r i o r
p e r f u s i o n  o f  t h e  l i v e r  uas n e c e s s a r y  t o  a v o id  h a e m o g lo b in
i n  t h e  f i n a l  p r e p a r a t i o n .  No m i c r o s c o p i c  e x a m i n a t i o n  o f
t h e  f r a c t i o n  uas r e p o r t e d ,  b u t  e n z y m a t i c  i n v e s t i g a t i o n s
shoued e n r i c h m e n t s  i n  5 f - n u c l e o t i d a s e  o f  b e tu e e n  13 and
2 +24 t i m e s  u i t h  r e s p e c t  t o  t h e  homogenate ,  and i n  Mg 
ATPase. o f  3 .7  t o  9 . 5  t i m e s .  A l l  o t h e r  enzymes measured 
i n c l u d i n g  s u c c i n a t e  d e h y d ro g e n a s e ,  a c i d  p h o s p h a ta s e  and 
G6Pase, u e re  l o u e r  i n  s p e c i f i c  a c t i v i t y  t h a n  t h e  homogenate
b u t  u e r e  n e v e r t h e l e s s  d e t e c t a b l e .
(l) Plasma membrane p r e p a r a t i o n s  . i n  z o n a l  r o t o r s
The above p r o c e d u r e s  a re  a l l  s m a l l - t u b e  p r e p a r a t i o n s  
p e r f o r m e d  i n  c o n v e n t i o n a l  r o t o r s .  The a d v e n t  o f  t h e  
z o n a l  c e n t r i f u g e  has paved t h e  uay f o r  o n e - s t e p  p r e p a r a t i o n s .  
H in t o n  e t  a l . (1 9 7 0 )  used a c ru d e  n u c l e a r  f r a c t i o n  f ro m  
p e r f u s e d  r a t  l i v e r  t o  o b t a i n  u n d e r  o p t i m a l  c o n d i t i o n s  a 
1 3 - f o l d  p u r i f i e d  p .m .  f r a c t i o n ,  as ju d g e d  by 5 1- n u c l e o t i d a s e  
i a c t i v i t y ,  by r a t e - z o n a l  c e n t r i f u g a t i o n  i n  an A - X I I  r o t o r .  
F u r t h e r  p u r i f i c a t i o n  by f l o t a t i o n  f ro m  s u c ro s e  o f  d e n s i t y  
1 . 1 9 ,  a l t h o u g h  r e s u l t i n g  i n  some l o s s  o f  y i e l d ,  removed 
a lm o s t  a l l  t h e  m i t o c h o n d r i a  and ly so so m e s  and a b o u t  h a l f  
t h e  e . r .  The r e l a t i v e  s p e c i f i c  a c t i v i t y  u i t h  r e s p e c t  t o  
t h e  homogenate  f o r  5 f - n u c l e o t i d a s e  uas i n c r e a s e d  t o  o v e r  
3 0 - f o l d  by th e  i n c l u s i o n  o f  t h i s  l a t t e r  s t e p .  Evans (1 9 7 0 )  
used a v e r y  s i m i l a r  t e c h n i q u e  f o r  t h e  i s o l a t i o n  o f . p . m .  f ro m  
mouse and r a t  l i v e r .
Weaver and B o y le  (1 9 6 9 )  a t t e m p t e d  t o  s e p a r a t e  p .m .  f ro m  
a c ru d e  n u c l e a r  f r a c t i o n  u s in g  t h e  B-XV r o t o r .  They u e re  
u n a b le  t o  a c h ie v e  c o m p le te  s e p a r a t i o n  o f  p .m .  i n  a s i n g l e  
z o n a l  c e n t r i f u g a t i o n ,  t h e r e  b e in g  c o n s i d e r a b l e  c o n t a m i n a t i o n  
o f  t h e  p .m . peak by m i t o c h o n d r i a .  R e c e n t r i f u g a t i o n  o f  t h e  
p a r t i a l l y  p u r i f i e d  p.m. f ro m  t h e  f i r s t  ru n  s t i l l  d i d  n o t  
remove a l l  t h e  m i t o c h o n d r i a  f ro m  th e  p .m . r e g i o n .  T h i s  
i l l u s t r a t e s  hou t h e  c o r r e c t  c h o i c e  o f  z o n a l  r o t o r  can r e s u l t  
i n  a b e t t e r  s e p a r a t i o n .  Thus ,  a l t h o u g h  U eave r  and B o y le  
d e s ig n e d  t h e i r  g r a d i e n t  so t h a t  t h e  membranes c o u ld  move as
. f a r  as p o s s i b l e  b e f o r e  a p p r o a c h in g  e q u i l i b r i u m ,  i n  o r d e r  
t o  e x p l o i t  t h e  d i f f e r e n c e  i n  s e d i m e n t a t i o n  r a t e s  b e tu e en  
p .m .  and m i t c h o n d r i a ,  t h e  l i m i t e d  p a th  l e n g t h  o f  t h e  B-XV 
r o t o r  p r e c lu d e d  t h e  c o m p le te  r e s o l u t i o n  o f  t h e  t u o  t y p e s  
o f  p a r t i c l e .  The use o f  t h e  A - X I I  r o t o r ,  u i t h  i t s  much 
l o n g e r  p a th  l e n g t h ,  g i v e s  a much im p ro v e d  s e p a r a t i o n ,  as 
e v id e n c e d  by H in t o n  jet  a l.. ( 1 9 7 0 )  and Evans ( 1 9 7 0 ) .
R e s o r t i n g  t o  a t u o - s t e p  p r o c e d u r e  u s in g  t h e  B—XV/ r o t o r  
i n v o l v i n g  a r a t e - a n d  an i s o p y c n i c - z o n a l  c e n t r i f u g a t i o n ,
096&)
Weaver and B o y l e i u e r e  a b le  t o  o b t a i n  p .m .  f r a g m e n t s
e n r i c h e d  b e tu e e n  1 0 -  and 20 - f o l d  u i t h  r e s p e c t  t o  t h e
homogenate ,  as ju d g e d  by 5 1- n u c l e o t i d a s e  a c t i v i t y .
P f l e g e r  ejt a l^. (1 9 6 8 )  have p u b l i s h e d  a s i m i l a r  t u o - s t a g e
p r o c e d u r e  u s in g  t h e  B-XV r o t o r .
( ii)  Hepatoma p lasma membrane f r a g m e n t s
The methods d e s c r i b e d  above f o r  t h e  p r e p a r a t i o n  o f  
l i v e r  p .m . f r a g m e n t s  a r e  n o t  n e c e s s a r i l y  a p p l i c a b l e  t o  
hepa tom as .  U i t h  h y p o t o n i c  h o m o g e n is a t i o n  med ia  such as 
a re  used i n  most l i v e r  p .m .  i s o l a t i o n  p r o c e d u r e s ,  t h e r e  
i s  a c o n s i d e r a b l e  r i s k  u i t h  hepatomas o f  n u c l e a r  l y s i s  
and c o n c o m i t a n t  r e l e a s e  o f  a d e o x y r i b o n u c l e o p r o t e i n  g e l ,  
f ro m  u h i c h  n o t h i n g  can be s e p a r a t e d .  A l s o  t h e  p .m . 
f r a g m e n t s  p ro d u ce d  by h o m o g e n is a t i o n  o f  hepatoma a r e  much 
s m a l l e r  t h a n ,  and hence have a . d i f f e r e n t  s e d i m e n t a t i o n  r a t e  
f r o m ,  n o rm a l  l i v e r .  A t t e m p t s  by Emmelo t and Bos (1 9 6 9 )  
t o  a p p l y  t h e i r  l i v e r  p .m .  i s o l a t i o n  p r o c e d u r e  d i r e c t l y  t o  
 ^ hepatoma p ro ve d  u n s u c c e s s f u l  f o r  t h e  above r e a s o n s .
F o r t i f i c a t i o n  o f  t h e  n u c l e a r  membrane by th e  i n c l u s i o n  
2o f  2mM Ca +i o n s  i n  t h e  h o m o g e n is a t i o n  medium used by Emmelot
e t  a l . (1 9 6 4 )  p r o t e c t s  t h e  n u c l e a r  membranes a g a i n s t  l y s i s  
and e n a b le s  hepatoma p.m. f r a g m e n t s  f ro m  mouse and r a t  
hepatoma t o  be i s o l a t e d  (Emmelo t  and Bos 1969 a, b ) ,  
a l t h o u g h  hepatoma membranes band a t  a l o u e r  d e n s i t y  
(y9 =  1 .1 4  / -  1 . 1 6  i n t e r f a c e )  t h a n  membranes f ro m  n o rm a l  
l i v e r .  The a c t i v i t i e s  o f  some enzymes i n  t h e  r a t  hepatoma 
p .m. p r e p a r e d  i n  t h i s  way u e re  m a r k e d ly  d i f f e r e n t  f ro m  th o s e  
o f  n o rm a l  l i v e r  p .m .  N o t a b l y  a l k a l i n e ^ g - g l y c e r o p h o s p h a t a s e ,  
u n d e t e c t a b l e  i n  l i v e r ,  shoued a p p r e c i a b l e  a c t i v i t y  i n  p .m. 
f ro m  a t r a n s p l a n t e d  hepa toma. Much i n c r e a s e d  a c t i v i t i e s  
u e re  o b s e rv e d  f o r  a c i d y S - g l y c e r o p h o s p h a t a s e ,  a l k a l i n e  
p - n i t r o p h e n y l p h o s p h a t a s e ,  a c i d  p h o s p h o d ie s t e r a s e  and 
(Na+ -  K+ ) - A T P a s e  u h e re a s  ATPase, 5 1- n u c l e o t i d a s e , ! n e u t r a l ! 
p - n i t r o p h e n y l p h o s p h a t a s e  ; IDPase and e s t e r a s e  a c t i v i t i e s  
were a p p r e c i a b l y  l o u e r e d .  A c id  p - n i t r o p h e n y l p h o s p h a t a s e ,  
a c e t y l p h o s p h a t a s e , G6Pase and LNA a c t i v i t i e s  u e re  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  n o rm a l  l i v e r  p . m . .  Emmelot 
and Bos (1969 b) a l s o  compared enzyme l e v e l s  o f  th re e  
t r a n s p l a n t e d  mouse hepatomas u i t h  t h o s e  o f  mouse l i v e r .
They u e re  a g a in  a b le  t o  o b s e rv e  marked d i f f e r e n c e s  i n  some 
a c t i v i t i e s ,  b u t  t h e s e  d i f f e r e n c e s ,  uhen compared t o  th o s e  
e x i s t i n g  b e tu e e n  r a t  l i v e r  and r a t  hepatoma p . m . ,  shou no 
e n z y m a t i c  change common ' t o  a l l  t h e  hepatoma membranes.
Fo r  example  u h i l e  5 1- n u c l e o t i d a s e  uas v e r y  much i n c r e a s e d  
i n  t h e  mouse hepatoma p.m. p r e p a r a t i o n s  compared u i t h  mouse 
l i v e r  i t s  a c t i v i t y  uas l o u e r  i n  t h e  r a t  hepatoma compared 
t o  r a t  l i v e r .
H in t o n  (1 9 7 0 )  u n s u c c e s s f u l l y  a t t e m p t e d  t o  p r e p a r e  
hepatoma p.m. f r a g m e n t s  by c e n t r i f u g a t i o n  o f  a homogenate
i n  an A - X I I  z o n a l  r o t o r .  The- peak o f  5 ' - n u c l e o t i d a s e  
a c t i v i t y  a p p a r e n t  f o r  n o rm a l  l i v e r  uas b a r e l y  d i s c e r n a b l e  
i n  t h e  case o f  hepa toma.  L i g h t - m i c r o s c o p i c  e x a m in a t i o n  
o f  t h e  z o n a l  f r a c t i o n s  r e v e a l e d  a l a r g e  number o f  u n b ro ke n  
s i n g l e  c e l l s ,  u i t h  no e v id e n c e  o f  s t r o n g  i n t e r c e l l u l a r  
l i n k s ,  a t  t h e  end o f  t h e  g r a d i e n t .  He h y p o t h e s i s e d  t h a t  
b re a k a g e  o f  such c e l l s  d u r i n g  h o m o g e n is a t i o n  u o u ld  fo rm  
p.m. f r a g m e n t s  to o  s m a l l  t o  s e p a r a t e  f ro m  th e  m i t o c h o n d r i a .  
Plasma membrane f r a g m e n t s  ha ve ,  h o u e v e r ,  been s e p a r a t e d  by 
c e n t r i f u g a t i o n  o f  a hepatoma ' m i t o c h o n d r i a l - l y s o s o m a l 1 
f r a c t i o n  i n  an HS r o t o r  ( P r o s p e r o ,• T .D .^  U n p u b l i s h e d  
e x p e r i m e n t s ) .  These f r a g m e n t s  shou a p p r o x i m a t e l y  1 5 - f o l d
e n r i c h m e n t  i n  AMPase a c t i v i t y .  H o m o g e n is a t i o n  i n  th e
2+ ^  p re s e n c e  o f  2mF] Ca i o n s  a p p e a rs  t o  b e y ^ p r e r e q u i s i t e  f o r
t h i s  t y p e . o f  s e p a r a t i o n .
D. THE OCCURRENCE ISOLATION OF PL ASmA fTlEHIBRANE
FRAGMENTS ASSOCIATED WITH THE 
iYlICRQSOfflAL FRACTION
The l i v e r  microsomal f r a c t i o n ,  as i s  w e l l  known, 
c o n s is ts  l a r g e l y  of  fragments^smooth and rough endoplasmic  
r e t ic u lu m .  However, as e a r ly  as 1956, Palade & S i e k e v i t z  
po in ted  out t h a t  p a r t  of  the  smooth p o p u la t io n  of  
microsomal v e s ic le s  might be d e r iv e d  from the  plasma 
membrane. Enzymes as soc ia ted  w i th  the  plasma membrane 
have s ince  been observed by many workers in  th e  microsomal  
f r a c t i o n ,  and i t  i s  somewhat s u r p r is in g  t h a t  r e l a t i v e l y  
few a t tem pts  have been made t o  p u r i f y  what would seem to  
be 'm icrosom al '  p.m. P r a c t i c a l l y  a l l  th e  pub l ished  r a t  
l i v e r  p.m. i s o l a t i o n  procedures use what i s  e s s e n t i a l l y  a 
crude n u c le a r  f r a c t i o n  as s t a r t i n g  m a t e r i a l  (Emmelot e t  a l . 
1964, Evans 1969,  Hinton _et slL. 1970 i n t e r  a l i a ) .  I t  i s  
co nce ivab le  t h a t  these enzymes may be a s s o c ia te d  w i th  th e  
e . r .  as w e l l  as p u r i f i e d  p .m . ,  but th e  work rev iewed below  
and conta ined in  t h i s  t h e s is  e l i m i n a t e s  t h i s  p o s s i b i l i t y .
Severa l  t h e o r ie s  can be propounded to  account f o r  
t h i s  'm icrosom al '  p.m. F i r s t l y ,  i t  i s  p o s s ib le  t h a t  upon 
homogenisation the p.m. breaks randomly i n t o  l a r g e  sh ee ts ,  
recovered in  the  n u c le a r  f r a c t i o n ,  and small  v e s i c l e s ,  
recovered in  the  microsomal p e l l e t .  I f  t h i s  were so, i t  
would be expected t h a t  the  more v igorous the  homogenisation  
procedure employed, the  lower would be th e  recovery  of p.m.  
in  the  n u c le a r  f r a c t i o n .  Indeed,  H inton e t  a l .  (1 9 67 )
found t h a t  when r a t  l i v e r  was homogenised in  a n i t ro g e n
pressure  homogeniser (H u n te r  and Commerford 1961) almost
a l l  th e  5*«  n u c le o t id a s e  a c t i v i t y  was recovered in  the
microsomal f r a c t i o n .  S i m i l a r l y ,  Carnie  & Porteous (1962 )
found w i th  r a b b i t  i n t e s t i n a l  mucosal c e l l s  t h a t  d i s r u p t io n  
compeLr-ed to H ie use ofT hsL  Polter-Slvehjem. hom ogeniser*
w ith  a Uiaring B le n d o r / r e s u l t e d  in  in creased  recovery  of
i n v e r t a s e  a c t i v i t y  in  th e  microsomal f r a c t i o n .  P M h h H b
In  a d d i t io n  the  c le a ra n c e  
between th e  homogeniser p e s t l e  and v esse l  was found to  
a f f e c t  the  r e c o v e r ie s  o f  in v e r t a s e  in  the  n u c le a r  and
cu
microsomal f r a c t i o n s .  I n v e r t a s e  i s  considered to  be^marker  
enzyme f o r  the brush border  or i n t e s t i n a l  mucosal c e l l s .
( M i l l e r  and Crane 1961,  Hubscher, lliest & B r i n d l e y ,  1 9 6 5 ) .
These f in d in g s  do not e l i m i n a t e  th e  second p o s s i b i l i t y  
which i s  t h a t ,  r a t h e r  than producing p u re ly  random f ra g m e n ta t io n  
homogenisation causes c e r t a i n  reg ions  o f  the  p.m. to  
d i s i n t e g r a t e  .? i n t o  submicroscopic v e s i c l e s ,  w h i le  o th e r  
re g io n s ,  perhaps f u n c t i o n a l l y  d i s t i n c t ,  remain as l a r g e  
sh ee ts .  Th is  seems to  be th e  case in  the  i s o l a t i o n  procedures  
f o r  i n t e s t i n a l  brush bo rders ,  where these  s p e c i a l i s e d  reg io ns  
of  th e  c e l l  su r fa c e  have a h ig h e r  mechanical  s t r e n g t h  than  
th e  u n s p e c ia l is e d  reg ions  and thus tend not to  d i s i n t e g r a t e  
so r e a d i l y  and may w e l l  be t r u e  f o r  l i v e r  in  view o f  the  
number of  i n t a c t  b i l e  f r o n t  membranes found in  p.m.  
p r e p a r a t io n s  from th e  crude n u c le a r  f r a c t i o n .  A t h i r d  
p o s s i b i l i t y  i s  t h a t  the microsomal p.m. fragments may 
re p re s e n t  p i n o c y t ic  d e r i v a t i v e s  or b i o s y n t h e t i c  p re c u rs o rs  
of  the  p.m. Th is  is  u n l i k e l y ,  because, as shown above,  
the  amount in  microsomes depends on th e  degree of
homogenisation.
The f i r s t  a t tem pts  to  se para te  t h i s  ’ microsomal* p.m. 
from the  bulk o f  the  microsomes ( i . e .  the  e . r .  f ragm ents )  
were made by Uiallach and working w ith
E h r l i c h  a s c i t e s  carcinoma c e l l s .  Using the  n i t ro g e n  
pressure  homogeniser, over 70^ o f  the  p.m. fragments were 
recovered in  the  microsomal f r a c t i o n  as judged by a l k a l i -  
ion  a c t i v a t e d  ATPase a c t i v i t y  & a s u r fa c e  a n t ig en  (Uia llach  
& Kamat 1 9 6 4 ) .  T h e i r  approach to  the  s e p a ra t io n  of  p.m. 
fragments depended on th e  d i f f e r e n c e s  in  the  i o n i c  p r o p e r t i e s  
of v e s ic le s  o f  d i f f e r e n t  s u b c e l l u l a r  o r i g i n .  Using a F i c o l l  
g r a d i e n t ,  they found t h a t  ImM Mg++ ions a t  pH8. 6 caused 
e x te n s iv e  ag grega t io n  and an in c re a s e  i n  d e n s i ty  o f  the  e . r .  
f ragments ,  w h i le  le a v in g  the p.m. v e s ic le s  s u b s t a n t i a l l y  
u n a f fe c te d  a t  a median de n s i ty  o f  1 . 0 7 .  Based on these  
o b s e rv a t io n s ,  Kamat & U/allach (1965 )  have pub l ished  a method 
f o r  the  p a r t i a l  p u r i f i c a t i o n  o f  p.m. from E h r l i c h  a s c i t e s  
smooth microsomes. A pr imary s e p a ra t io n  was ob ta ined  on a 
disco nt inuous  F i c o l l  g r a d ie n t  pH8.6 ,  ImM Mg + w i th  a step  
a t y &  = 1 .0 9 6 .  The m a t e r ia l  in  the  step could be f u r t h e r  
p u r i f i e d  by c e n t r i f u g a t i o n  on a continuous F i c o l l  g r a d ie n t  
a t  pH8.6 in  the  absence of  magnesium io n s .
Using e s s e n t i a l l y  Kamat and Uiallach* s procedure ,  
m odi f ied  only  by the use of  a P o t t e r -E lv e h je m  in s te a d  of  
a n i t ro g e n  pressure  homogeniser, Graham, H igg ins  and Green 
(1968 )  were a b le  to  ob ta in  a p.m. f r a c t i o n  from r a t  l i v e r  
microsomes. There appeared to  be l i t t l e  con ta m in a t ion  from 
e . r .  and m itochondr ia  but no h is to c h e m ic a l  ev idence was
fo r thcom ing*  Erec inska  e t  a l . (1 969 )  a ls o  c la im  to  have 
i s o l a t e d  p*m* by the  same procedure from r a t  l i v e r ,  but  
very l i t t l e  d e t a i l  on t h i s  was g iven in  t h e i r  paper .
D a l l n e r  & E rn s te r  (1 9 6 8 ) ,  in  a rev iew  o f  microsomal s u b f r a c t -
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io n a t io n  procedures,  consider  the  Kamat and Uiallach/method  
to  be i n a p p l i c a b l e  to  r a t  l i v e r  s ince  • t r e a tm e n t  o f  microsomes 
i s o l a t e d  from r a t  l i v e r  in  t h i s  manner causes l a r g e  sc a le  
i r r e v e r s i b l e  changes in  the microsomal p r o p e r t i e s * .  The 
method w i l l  work w i th  l i v e r  as evidenced above, but what,  
i f  any , * i r r e v e r s i b l e  changes* have taken p lace  i s  not known.
A more e x te n s iv e  study o f  the  te chn ique  a p p l ie d  to  l i v e r  
would be d e s i r a b l e .
E l  Aaser and co-workers ( E l  Aaser- ejt a l .  1966 a)  
performed is o p y cn ic  zonal c e n t r i f u g a t i o n  of  r a t  l i v e r  
p o s tm i to c h o n d r ia l  superna tan ts  in  a B- IU  r o t o r  using sucrose  
g r a d ie n ts  b u f fe re d  a t  pH 7 . 4 .  T h e i r  b iochem ica l  f in d in g s  
were backed up w i th  e le c t r o n  micrographs.  In  the  absence 
of  metal  io n s ,  l i t t l e  s e p a ra t io n  o f  p.m. from the  
smooth e . r .  was o b ta in e d ,  as judged by the  d i s t r i b u t i o n  
o f  the  two marker enzymes, G6Pase f o r  th e  e . r .  and 5 * -
n u c le o t id a s e  ( w i th  AfflP as s u b s t r a t e )  f o r  the  p.m.* 5 * -
!
N u c le o t id a se  a c t i v i t y  was v i r t u a l l y  absent from th e  rough
A
e . r .  r e g io n .  HJith the a d d i t io n  o f  4-15mlY) Iflg + ions  to  the  
homogenisation medium and the g ra d ie n t ,  a s t r i k i n g  change in  
the  p a t t e r n  was observed. A p a r t i a l  s e p a ra t io n  o f  the  5 * -  
n u c le o t id a s e - c o n t a in in g  elements was ob ta ined  by v i r t u e  of  
a s h i f t  to  a h igher  median d e n s i ty  of  the  G 6Pase-conta in ing  
v e s ic le s  d e r iv e d  from the smooth e . r .
F u r th e r  s tu d ie s  of the s e p a ra t io n  of  p.m. and e . r ,
fragments in  the  B - IV  zonal r o t o r  uiere c a r r ie d  out by
F i tz im ons  ( 1 9 6 9 ) ,  He v a r ie d  the  c o n d i t io n s  of
homogenisation and c e n t r i f u g a t i o n  in  an a t tem pt  to  improve
the s e p a ra t io n  o f  p.m. from e . r .  and hence the  p u r i t y  o f
the  p.m. f r a c t i o n *  The s u b s t i t u t i o n  of 0.12ft! sucrose or
s a l i n e  for*0.25ft !  sucrose as the  homogenisation medium had
l i t t l e  e f f e c t .  Parameters v a r ie d  during  c e n t r i f u g a t i o n
inc lud ed  t im e ,  shape of g r a d ie n t  and ftlg^* ion c o n c e n t ra t io n
The e f f e c t  of  th e  presence of  Cs+ ions e i t h e r  w i th  or  
2+w ith o u t  ftlg ions in  the  g r a d ie n t  was a ls o  s tud ied  
( c f .  D a l ln e r  1 9 6 3 ) .  None of these r e s u l te d  in  even an 
a p prox im ate ly  pure ’ microsomal* p.m. f r a c t i o n .  In  f a c t ,  
l i t t l e  improvement was made on the  s e p a ra t io n  ob ta in ed  by 
F I  Aaser e t  a l/. The best r e s u l t s  achieved were w i th  5mftl
o
ftlg *  ions and an e x po n e n t ia l  g r a d ie n t  p la te a u in g  a t = 1 .1 7
and r e s u l t e d  in  a f r a c t i o n  showing a l i t t l e  b e t t e r  than 4 - f o l d
enrichment in  5 * -n u c l e o t id a s e  a c t i v i t y  banding between
-  1 .1 0  and^s? = 1 .1 6 .  * H is to c h e m ic a l * s t a i n i n g  o f  the
f r a c t i o n s  f o r  5 * - n u c l e o t id a s e  and G6Pase, e n t a i l i n g  e l e c t r o n -
microscopic  examinations^, supported the  b iochem ica l  f in d in g s  
S
(F i t z im o n s  1 9 6 9 ) .  Thus s t a in i n g  f o r  5 * - n u c l e o t id a s e  was 
observed in  some of  the  v e s ic le s  in  the  c e n t r a l  re g io n  
( -  1 .1 0  -  1 . 1 6 )  o f  the  g r a d ie n t ,  but these were 
outnumbered by v e s i c l e s  which did  not s t a i n .  Since t h e r e  
was l i t t l e  G6Pase a c t i v i t y  in  t h i s  re g io n ,  i t  seems l i k e l y  
t h a t  contaminants o th e r  than e . r .  were p re s e n t .  Lack o f  
ac id  phosphatase r u le d  out lysosomes. Outer m i t o c h o n d r ia l ,  
lysosomal and Golg i  membranes remain as p o s s ib le  c u l p r i t s .
No r e l i a b l e  markers f o r  the Golg i  apparatus  have been
discovered (Cheetham e t  a l ,  1 9 7 0 ) , ' 'and a l t h o u g h - g l u c o -  
sidase has been proposed as a marker f o r  lysosomal membranes 
(Beck & Tappel 1968) the  assay techn ique  in  our exper ience  
i s  not s e n s i t i v e  enough to  pe rm it  d e t e c t io n  o f  i t s  presence*  
Monoamine oxidase has been proposed as a marker f o r  the  
o u te r  m i to c h o n d r ia l  membrane H H i  (Schnaitman, Erwin and 
Greenawalt'  1967) and the  f l u o r i m e t r i c  assay techn iques  of  
Kraml (1 9 65 )  i s  s e n s i t i v e  enough to  d e te c t  very low 
a c t i v i t i e s  o f  the  enzyme. The r e s u l t s  of  MAO assays on 
t h i s  m a t e r i a l  a re  re p o r te d  in  t h i s  t h e s i s .
Although the  above membranes'cannot be e l i m i n a t e d ,  i t  
that*
i s  p rob ab le^ the  major contaminant o f  th e  p.m. f r a c t i o n  
separated  in  the  zonal r o t o r  i_s e . r .  IHhat must be borne in  
mind i s  t h a t  a l though G6Pase a c t i v i t y  may be b a re ly  
d e t e c t a b le  t h i s  does not r u l e  out co n s id e ra b le  co n tam in a t ion  
by e . r .  p r o t e i n .  Th is  i s  by v i r t u e  o f  the  f a c t  t h a t  t h e r e  
i s  about 10 t imes as much p r o t e in  as so c ia te d  w i th  a u n i t  o f  
G6Pase a c t i v i t y  in  p u r i f i e d  smooth e . r .  as t h e r e  i s  w i th  
a u n i t  o f  5 * - n u c l e o t id a s e  a c t i v i t y  in  p u r i f i e d  p.m. Adsorbed 
and trapped s o lu b le  p r o t e in s  may be y e t  another  source o f  
c o n ta m in a t io n .  No a t tem pts  were made by F i tzs im ons  to  
remove them, so the  l e v e l  of  s i g n i f i c a n c e  of t h e i r  
c o n t r i b u t i o n  remains unknown.
Ik
N o te : according to  recen t  work ( F l e i s c h e r  & F l e is c h e r  1970)
t h i s  appears to be u n t ru e .  U D P -g a la c to se -N -a c e ty lg lu co sa m in e  
g a la c t o s y l  t r a n s f e r a s e  has been found to  be c o nce n tra ted  
1 0 0 - f o l d  in  a G logi  membrane f r a c t i o n  from r a t  l i v e r  and 
would appear to  be a good marker enzyme a l though d i f f i c u l t  
to  assay.
Amar-Costesec jet a l ,  (1969 )  s u b f r a c t io n a te d  whole 
microsomes on fo u r  d i f f e r e n t  types of d e n s i ty  g r a d i e n t ,  
sucrose /H20, sucrose /D 20, F i c o l l / 0 . 2 5 M  sucrose and 
F i c o l l / 0 . 5 M  sucrose and as w e l l  as s tudy ing the  d i s t r i b u t i o n s  
of  e . r .  enzymes, a ls o  looked a t  5 1- n u c l e o t id a s e  (a  p.m. 
enzyme) and the  MAO (an OMM enzyme). They were a b le  to  
c l a s s i f y  tha  membranes c o n ta in in g  these enzyme a c t i v i t i e s  
i n t o  4 groups according to  t h e i r  d i s t r i b u t i o n  in  the  v a r io u s  
g r a d ie n t s .  One of  these goups, t h a t  w i th  low est  median 
d e n s i t y ,  co ns is te d  of  the 5 1-n u c l e o t i d a s e ,  MAO and 
c h o l e s t e r o l .  The quest ion  a r is e s  as to  whether these  2 
enzymes belong to  th e  same group of p a r t i c l e s .  Changes 
in  c e n t r i f u g a l  c o n d i t io n s  showed t h a t  they did  not always  
fo l lo w  each o th e r  c l o s e l y .  The 5 1- n u c l e o t id a s e  p a r t i c l e s  
i n i t i a l l y  sedimented more q u ic k ly  than th e  MAO p a r t i c l e s ,  
i n  sucrose /H 20, a l though t h e i r  e q u i l ib r i u m  d e n s i t i e s  were 
s i m i l a r .
F u r th e r  work by t h i s  group (Thines-Sempoux e t  a l .  1969)  
has cons is ted  o f  a study o f  the  e f f e c t  o f  p re t re a tm e n t  w i th  
d i g i t o n i n  on the  e q u i l ib r i u m  d e n s i t i e s  of  microsomal membrane 
in  sucrose g r a d ie n ts .  The microsomal oxidases and h y d ro la s e s ,  
RNA and MAO r e t a i n  v i r t u a l l y  the  same d e n s i ty  w i th  d i g i t o n i n  
t r e a tm e n t ,  whereas th e  median d e n s i t i e s  o f  5 * - n u c l e o t i d a s e  
a l k a l i n e  phosphodiesterase I  and c h o l e s t e r o l  s h i f t  to  v a lu es  
0 .0 3  d e n s i ty  u n i t s  h ig h e r ,  i n d i c a t i n g  t h e i r  a s s o c ia t io n  
w ith  d i s t i n c t  p a r t i c l e s ,  presumably p .m . .  Th is  adds f u r t h e r  
weight to  the  c o n te n t io n  t h a t  MAO and 5 * - n u c l e o t id a s e  a re  
a s soc ia ted  w i th  d i f f e r e n t  p o p u la t io n s  o f  v e s i c l e s .
Glaumann & D a l l n e r  (1 970 )  prepared smooth microsomes 
by D a l l n e r * s  e a r l i e r  procedure ( D a l l n e r  1963) and 
sub jec ted  them to  r a t e  zonal  sed im en ta t ion  on a l i n e a r  
sucrose g r a d ie n t .  The d i s t r i b u t i o n  of  the  microsomal  
e l e c t r o n - t r a n s p o r t  enzymes G6Pase, 5 * - n u c l e o t i d a s e ,  IDPase 
and lYlg^-ATPase were s tu d ie d .  The l a t t e r  th re e  enzymes 
were found to  have the  h ighe s t  s p e c i f i c  a c t i v i t y  in  the  
f a s t e s t  sedimenting f r a c t i o n s  and showed degrees o f  
s e p a ra t io n  from G6Pase, u/hich was concentra ted  in  the  
c e n t r a l  reg io n  of  the  g r a d ie n t  and from the NAD(P)H-oxidases  
which were concentra ted  in  the  upper re g io n .  The median 
e q u i l ib r i u m  d e n s i ty  of  the  AMPase-r ich f r a c t i o n s  was about  
1 . 1 8 ,  h ig h e r  than t h a t  of  the  o ther  smooth v e s i c l e s  ( i . e .  
those presumably d e r iv e d  from the  e . r . ) .
(
CHAPTER TUP 
MATERIALS AND EXPERIMENTAL METHODS
A . CHEMICALS
G e n e r a l l y ,  a n a l y t i c a l  g ra de  r e a g e n t s  u e re  u se d .
E x c e p t i o n s  u e re  made uhen th e  c h e m ic a l s  u e re  used i n  v e r y  
l a r g e  q u a n t i t i e s  and t h e r e  u e re  no d e l e t e r i o u s  e f f e c t s  
a r i s i n g  f ro m  th e  use o f  l a b o r a t o r y  g ra d e  m a t e r i a l .
An example  o f  t h i s  uas i n  t h e  use o f  sod ium  h y d r o x i d e  
and EDTA i n  t h e  a ssa y  o f  t h e  p - n i t r o p h e n o l  r e l e a s i n g  enzymes, 
t h e  f o r m e r  s o l e l y  t o  d e v e lo p  th e  c o l o u r  and t h e  l a t t e r  t o  
p r e v e n t  p r e c i p i t a t i o n  o f  i n s o l u b l e  h y d r o x i d e s ^ a n d  s i m i l a r l y  
w i t h  p h e n o l  i n  t h e  RNA p u r i f i c a t i o n  p r o c e d u r e  a n d * s u c r o s e  
used i n  z o n a l  c e n t r i f u g e  d e n s i t y  g r a d i e n t s .
G e n e ra l  l a b o r a t o r y  c h e m ic a l s  u e re  p u rc h a s e d  f ro m  e i t h e r
BDH L i m i t e d  o r  H o p k in s  and U i l l i a m s  L i m i t e d .  T r i s  b u f f e r  ( t r i s -
( h y d r o x y m e t h y l ) - a m in o m e th a ne ) ,  g ra d e  V I  T o r u l a  y e a s t  RNA and
most enzyme s u b s t r a t e s  u e re  o b t a i n e d  f r o m  th e  Sigma C h e m ic a l
C o . L i m i t e d .  A d e n o s in e - 5  1-m o n o p h o s p h o r i c  a c i d ,  g l u c o s e - 6 -
p h o s p h a te  ( d iB a  s a l t )  and 3, 3 1- d i m e t h y l g l u t a r i c  a c i d  u e re
o b t a i n e d  f ro m  K o c h - l i g h t  l i m i t e d .  S u c ro se  uas o f  t h e  ’ M i n e r a l
U a t e r 1 g ra d e  s u p p l i e d  by T a te  and L y l e  l i m i t e d .  The R a d io -
14c h e m ic a l  C e n t re  (Amersham) p r o v i d e d  6 -  C - o r o t i c  a c i d .
A l l  s o l u t i o n s  u e re  p r e p a re d  i n  d i s t i l l e d  o r  d o u b l y  
d i s t i l l e d  u a t e r .  pH measurements  u e re  made a t  and r e f e r  t o
a m b ie n t  t e m p e r a t u r e  o f  t h e  l a b o r a t o r y '  ( ~ 2 0G) .
l  . ■ . .. '
B. ANIMALS
u h i c h  u e re  u n f a s t e d  males]
Rats  and,  e x c e p t i o n a l l y  dogs u e re  u se d .  The r a t s , ^  
u e i g h i n g  i n  t h e  r e g i o n  o f  250g,  u e re  hooded and o f  a C h e s t e r  
B e a t t y  Research  I n s t i t u t e  S t r a i n .  They u e re  s u p p l i e d  by t h e  
U n i v e r s i t y  o f  S u r r e y  A n im a l  U n i t ,  b u t  t h e  o r i g i n a l  b r e e d i n g  
n u c le u s  uas o b t a i n e d  by t h e  U n i v e r s i t y  f ro m  th e  S p e c i f i c  
P a t h o g e n - f r e e  U n i t ,  A l l i n g t o n  Farm, M i n i s t r y  o f  D e fe n c e ,
P o r to n  Doun. They u e re  a b o u t  3 months o l d  uhen k i l l e d .
The hepatomas used u e re  t r a n s p l a n t s  o f  p r i m a r y  hepa tomas 
d e n o te d  e i t h e r  U ( s u b l i n e s  UA, UB ) o r  UD ( s u b l i n e s  UDA,UDB).
The u e l l - d i f f e r e n t i a t e d  U p r i m a r y  hepatoma uas i n d u c e d  by 
f e e d i n g  e t h i o n i n e  o v e r  a t o t a l  p e r i o d  o f  seven months  ( R e i d ,
1 9 7 0 ) .  B reaks  i n  f e e d i n g  amounted t o  a t o t a l  o f  f i v e  u e e k s ,  
t h e r e  b e in g  one b re a k  a f t e r  t h e  f i r s t  f i v e  ueeks  and t h r e e  
o t h e r s .  The o r i g i n a l  hepatoma a ro s e  e i g h t  months a f t e r  
e t h i o n i n e  f e e d i n g  had c e a se d ,  and uas m a i n t a i n e d  by s u b c u ta n e o u s  
t r a n s p l a n t .  The tum our  uas examined a f t e r  a b o u t  80 t o  90 
t r a n s p l a n t s  uhen t h e  G6Pase a c t i v i t y  on a u e i g h t  b a s i s  had 
d ro pp e d  t o  a b o u t  o n e - f i f t h  t h a t  o f  n o rm a l  l i v e r ,  and t h e  
g e n e r a t i o n  t i m e  t o  a b o u t  t h r e e  u e e k s .  ' '
The UD p r i m a r y  hepatoma uas i n d u c e d  s i m i l a r l y  by f e e d i n g  
e t h i o n i n e  o v e r  a p e r i o d  o f  seven months  u i t h  s i x  b r e a k s  
a m o u n t in g  t o  a t o t a l  o f  seven u e e k s .  The tu m o u r ,  a u e l l -  
d i f  f  e r e n t i a t e d  hepatoma o f  p a re n c h y m a l  o r i g i n ,  a r o s e  33 
months a f t e r  e t h i o n i n e  f e e d i n g  c e a s e d .  I t  uas a g a in  m a i n t a i n e d  
by s u b c u ta n e o u s  t r a n s p l a n t a t i o n  and tu m o u rs  o f  g e n e r a t i o n s
2 -  4 u e re  u se d .
Dogs, u h i c h  u e re  m o n g r e l ,  u e re  r e a r e d  a t  t h e  T u n s t a l l
%
L a b o r a t o r y ,  S h e l l  R e s e a rc h ,  S i t t i n g b o u r n e ,  K e n t .  Some o f  t h e s e  
r e c e i v e d  a p e s t i c i d e  i n  t h e i r  d i e t .  The l e n g t h  o f  a d m i n i s t r a t i o n  
o f  t h e  p e s t i c i d e - c o n t a i n i n g  d i e t  i s  t o  be fo u n d  u n d e r  t h e  
r e l e v a n t  e x p e r i m e n t  i n  t h e  R e s u l t s  s e c t i o n .  The p e s t i c i d e ,  
d i e l d r i n ,  uas a d m i n i s t e r e d  as c a p s u le s  o f  t h e  a c t i v e  i n g r e d i e n t ,
1 ,  2 ,  3 ,  4 ,  10 ,  1 0 - h e x a c h l o r o - 6 ,  7 ,  - e x o - e p o x y - 1 ,  4 ,  4 a ,  5 ,  6 ,
7 ,  8 , 8a - o c t a h y d r o - l ,  4 - e n d o - 5 ,  8 - e x o - d i m e t h a n o n a p h t h a l e n e .
The d a i l y  dose uas 0 . 0 5 - 0 . 2  mg/kg  o f  body u e i g h t .
t C. CHEMICAL ESTIMATIONS
( a )  P r o t e i n
P r o t e i n  uas measured by th e  A u t o A n a ly s e r  a d a p t a t i o n  
(S c h u e l  and S c h u e l  1968)  o f  t h e  method o f  L o u ry  e_t a l .
(•1951). 0 .5  ml a l i q u o t s  u e re  d i g e s t e d  u i t h  1N NaOH a t
37° u n t i l  a c l e a r  s o l u t i o n  uas o b t a i n e d  and th e n  l o a d e d .
B o v in e  Serum A lb u m in  s o l u t i o n s  (2 5 -2 0 0 0  ^ ug /m l )  u e re  used 
as s t a n d a r d s .  D u r i n g  t h e  l a t t e r  h a l f  o f  t h i s  s t u d y ,  t h e  
method uas m o d i f i e d  t o  i n c l u d e  a u t o m a t i c  p e r f o r m a n c e  o f  t h e  
p r e l i m i n a r y  d i g e s t i o n  as u e l l  as th e  c o l o u r  r e a c t i o n  ( H i n t o n  
and N o r r i s  1 9 7 2 ) .
T r i s  b u f f e r  uas fo u n d  t o  g i v e  a c o l o u r  u i t h  t h e  F o l i n  
r e a g e n t  and c o r r e c t i o n  uas made f o r  t h i s .  The ’ M i n e r a l  U a t e r *  
s u c r o s e  used i n  t h e s e  e x p e r im e n t s  c o n t a i n e d  m a t e r i a l  a b s o r b i n g  
i n  t h e  UV, p re s u m a b ly  p r o t e i n ,  and so ,  n o t  s u r p r i s i n g l y ,  a l s o  
gave a c o l o u r  , e q u i v a l e n t  t o  b e tu e e n  30 and 50 yug o f  p r o t e i n  
p e r  ml f o r  2 M s u c r o s e .  Suc ro se  b la n k  r e a d i n g s  u e re  ta k e n  f o r  
each z o n a l  r u n  and s u b t r a c t e d  f ro m  t h e  sample  r e a d i n g s .
( b )  RNA
RNA uas measured by t h e  F l e c k  and Begg (1 9 6 5 )  m o d i f i c a t i o n  
o f  t h e  S c h m id t -T h a n n h a u s e r  (1 9 4 5 )  p r o c e d u r e .  1 ml o f  c o l d  
1.2N p e r c h o l i c  a c i d  uas added t o  5 ml o f  z o n a l  s a m p le .
The m i x t u r e  uas l e f t  f o r  10 m in u te s  i n  t h e  c o l d  room ( 4 ° ) ,  
and th e  r e s u l t a n t  p r e c i p i t a t e  c o l l e c t e d  by c e n t r i f u g a t i o n .
The p r e c i p i t a t e  uas uashed t u i c e  u i t h  5 ml 0 .2N p e r c h l o r i c
a c i d  i n  t h e  c o l d  and t h e n  e x t r a c t e d  f o r  one h o u r  a t  3 7 ° u i t h  
4 ml 0.3M KOH. 2 .5  ml o f  c o l d  1.2N p e r c h l o r i c  a c i d  uas t h e n  
added and th e  tu b e s  l e f t  a t  4°  f o r  a b o u t  one h o u r .
The p r e c i p i t a t e  uas spun doun and uashed o n ce .  The s u p e r n a t a n t  
f r o m  t h e  f i r s t  s p i n  uas combined u i t h  t h e  u a s h i n g s ,  and th e  
a b s o rb a n c e  a t  260 and 232 nm measured i n  a Unicam SP500 
s p e c t r o p h o t o m e t e r .  The RNA c o n t e n t  i n  te rm s  of/C^qP uas
. (19651
c a l c u l a t e d  f r o m  t h e  f o r m u l a  g i v e n  by F l e c k  and B e g g / f o r  
u n f r a c t i o n a t e d  l i v e r .
( c )  F e r r i t i n
The amount o f  l o o s e l y - b o u n d  i r o n  i n  a samp le  uas measured 
by t h e  a b i l i t y  o f  f e r r o u s  i o n s  t o  fo rm  a r e d  com p lex  u i t h  
2 , 2 *  - b i p y r i d y l  (B e a u fa y  e t  a l .  19 5 9 a ) .
~Zona\ -frzxchonS
( 3 m l )  uepe h e a te d  a t  100° f o r  10 m in u t e s  
SodvLi m f &C'G\ric C-Cid*
u i t h  1 ml 0 . 5M ^ a c e t a t e ^ b u f  f  e r  pH 4 . 7  c o n t a i n i n g  A»2% a s c o r b i c
a c i d  and 0.2%  2 , 2 f - b i p y r i d y l .  0 . 5  ml o f  25^  t r i c h l o r o a c e t i c  
a c i d  uas t h e n  added and t h e  p r e c i p i t a t e  spun doun .  The 
a b s o rb a n c e  o f  t h e  s u p e r n a t a n t  a t  520 nm uas m easured .  F e r r i c  
c h l o r i d e  s o l u t i o n s  u e re  used as s t a n d a r d s .
( d )  M ic r o s o m a l  c y to c h ro m e s
For  c y to c h ro m e s  b^ and P ^ q  th e  d i f f e r e n c e  s p e c t r a  methods 
o f  Omura and Sa to  (1 9 6 4 )  u e re  u s e d .  For  c y to c h ro m e  br-,
CNa.Ht P a a /n a i H P O <t.) 5
1M p h o s p h a te  b u f f e r / p H  7 .4  uas added t o  t h e  t i s s u e  sam p le  t o  
g i v e  a f i n a l  c o n c e n t r a t i o n  o f  0 .1M.  The t i s s u e  sam ple  uas 
d i v i d e d  i n  t u o ,  and one h a l f  uas a e r a t e d ,  u h i l e  t h e  o t h e r  uas 
^educed  u i t h  NADH ( f i n a l  c o n c e n t r a t i o n  0 . 1 m g / m l ) .
The d i f f e r e n c e  s p e c t ru m  uas d ra u n  on th e  Unicam 
SP800 s p e c t r o p h o t o m e t e r .  30mm c e l l s  u e re  used t o  
i n c r e a s e  th e  s e n s i t i v i t y .  Cy tochrome P^gg uas e s t i m ­
a te d  s i m i l a r l y  by d r a u i n g  th e  d i f f e r e n c e  s p e c t ru m  
b e tu e e n  a d i t h i o n i t e - r e d u c e d  sample and one s a t u r a t e d  
u i t h  c a rb o n  m o n ox id e .
The c o n c e n t r a t i o n s  u e re  c a l c u l a t e d  u s in g  th e  
f o r m u l a  g i v e n  by Omura and S a to  (1 9 6 4 ) .
( e )  L e a d .
The le a d  p r e s e n t  i n  f r a c t i o n s  r e c o v e r e d  f r o m  th e  
z o n a l  r o t o r  uas a n a ly s e d  by a m o d i f i c a t i o n  o f  th e  
D e l v e s ’ method ( D e l v e s ,  1 9 7 0 ) .  The membraneous 
m a t e r i a l  i n  th e  f r a c t i o n s  uas d i s s o l v e d  by th e  a d d i t i o n  
o f  sod ium d e o x y c h o l a t e  t o  a f i n a l  c o n c e n t r a t i o n  o f  1%+
A P e r k i n  E lmer  303 u i t h  an I n t e n s i t r o n  l e a d  lamp 
s e t  a t  2 8 3 .3  nm uas u s e d ; c o u p le d  to  a H i t a c h i  P .E .  
r e c o r d e r  165. D u p l i c a t e  10y^l samp les  u e re  d r i e d  a t  
110°C f o r  one m in u te  i n  n i c k e l - c r u c i b l e s . They u e re  
t h e n  b u r n t  i n  an a c e t y l e n e / a i r  f l a m e  u n de r  an a lu m in iu m  
o x id e  tube  c o n s t i t u t i n g  an atom r e s e r v o i r .  Lead 
s t a n d a r d s  d i s s o l v e d  i n  an aqueous m a t r i x  s i m i l a r  t o  t h a t  
o f  th e  unknown samples  ue re  a n a ly s e d  by t h e  same method 
t o . p r o d u c e  a c a l i b r a t i o n  g r a p h .  The c o n c e n t r a t i o n  o f  
l e a d  i n  th e  f r a c t i o n s  uas t h e n  d e te r m in e d  i n  t e rm s  o f  
t h e  c a l i b r a t i o n  c u r v e  by m e a s u r in g  th e  peak h e i g h t s  o f  
th e  t r a c i n g s  o b t a i n e d .
I D. ENZYME ASSAYS
Whenever p o s s i b l e ,  enzyme a ssa ys  u e re  c a r r i e d  o u t  u i t h i n
t u e n t y - f o u r  h o u rs  o f  t h e  d e a th  o f  t h e  a n i m a l .  Uhen t h e  u o r k
s c h e d u le  d i d  n o t  p e r m i t  t h i s ,  i t  uas th e  more s t a b l e  enzymes 
e . g .  a l k a l i n e  p h o s p h o d i e s t e r a s e ,  t h e  r i b o n u c l e a s e s  and a c i d  
p h o s p h a ta s e  t h a t  u e re  l e f t  t o  a l a t e r  d a t e .  I f  s t o r a g e  uas 
n e c e s s a r y ,  t h i s  uas a t -30^ .  A l l  enzyme i n c u b a t i o n s  u e re  
c a r r i e d  o u t  i n  a s h a k in g  u a t e r  b a th  a t  3 7 ° .
The enzymes assayed  f e l l  i n t o  f o u r  g ro u p s  ( i )  p h o s p h a ta s e s
( p h o s p h o h y d r o l a s e s ) ( i i ) p - n i t r o p h e n o l -  r e l e a s i n g  enzymes 
( i i i ) r i b o n u c l e a s e s  and ( i v ) m i s c e l l a n e o u s  enzymes. These u i l l  
be c o n s id e r e d  i n  t u r n .
( i ) P h o s p h a ta s e s
U i t h  t h e  e x c e p t i o n  o f  p - n i t r o p h e n y l p h o s p h a t a s e  (see  t h e  
s e c t i o n  on p - n i t r o p h e n o l - r e l e a s i n g  e n zym es ) ,  t h e  same b a s i c  
assay  sys te m  uas used f o r  t h e  e s t i m a t i o n  o f  a l l  t h e  p h o s p h a ta s e s .  
T h i s  c o n s i s t e d  o f  a 0 .5  ml t i s s u e  sample  t o  u h i c h  uas added 
0 . 4  ml.  o f  b u f f e r ,  o r  i n  some cases  a C o c k t a i l *  o f  b u f f e r  and 
a c t i v a t o r .  Im m e d ia te ly -  p r i o r  t o  i n c u b a t i o n  0 .1  ml o f  s u b s t r a t e  
uas added and th e  c o n t e n t s  o f  t h e  tu b e s  t h o r o u g h l y  m ixed  on 
a F i s o n s *  U h i r l i m i x e r .  I n c u b a t i o n  t im e s  u e re  r e s t r i c t e d  t o  
t h e  p e r i o d s  u i t h i n  u h i c h  th e  a p p e a ra n ce  o f  p r o d u c t  uas l i n e a r  
u i t h  i n c u b a t i o n  t i m e .  The r e a c t i o n  uas s to p p e d  by t h e  a d d i t i o n  
o f  1 .5  ml o f  6% t r i c h l o r a c e t i c  a c i d  o r ,  v e r y  o c c a s i o n a l l y , 10^ 
p e r c h l o r i c  a c i d .  A f t e r  a p e r i o d  a t  4 ° ,  t h e  p r e c i p i t a t e d  m a t e r i a l  
uas spun o f f  and t h e  i n o r g a n i c  p h o s p h a te  c o n t e n t  o f  t h e
s u p e r n a t a n t  m easured .  Assays on r e f e r e n c e  sam p les  
(hom ogena te ,  p o s t - l y s o s o m a l  f r a c t i o n ,  m ic ro s o m a l  f r a c t i o n )  
u e re  n o r m a l l y  p e r fo r m e d  i n  d u p l i c a t e .  T h i s  uas p a r t i c u l a r l y  
n e c e s s a r y  i n  t h e  case o f  t h e  hom ogenate ,  u h e re  q u i t e  l a r g e  
d i s c r e p a n c i e s  b e tu e e n  s e e m in g ly  i d e n t i c a l  sam p les  u e re  
o b s e r v e d .  S u b s t r a t e  and t i s s u e  b la n k s  u e re  a lw a y s  i n c l u d e d .
The l a t t e r  c o n s i s t e d  o f  0 .5  ml t i s s u e  p l u s  0 .5  ml u a t e r  and 
s e r v e d  as b la n k s  f o r  a l l  t h e  p h o s p h a ta s e  assays  i n  a p a r t i c u l a r  
z o n a l  r u n .
E s t i m a t i o n  o f  I n o r g a n i c  p h o sp h a te
In  th e  f i r s t  f e u  e x p e r im e n t s  th e  i n o r g a n i c  p h o s p h a te  uas 
e s t i m a t e d  m a n u a l l y  by t h e  method o f  L o u ry  and Lopez (1 9 6 4 )  
b u t  l a t e r  an a u to m a te d  a d a p t i o n  o f  t h i s  uas a d o p te d  (Marzban  
and H in t o n  1 9 7 0 ) .
I n  t h e  manual  p r o c e d u r e ,  t h e  s u p e r n a t a n t  l e f t  a f t e r  
c e n t r i f u g i n g  doun t h e  p r e c i p i t a t e d  p r o t e i n  uas p o u re d  o f f
bd
and 1. 5 ml o f  0.6/2 ammonium moly#toate  i n  5% PCA a d d e d , f o l l o w e d  
by 0 . 5  ml o f  a f r e s h  a s c o r b i c  a c i d  s o l u t i o n  ( 2 m g / m l ) .  A f t e r  
l e a v i n g  f o r  a t  l e a s t  1 5 1 a t  a m b ie n t  l a b o r a t o r y  t e m p e r a t u r e  
t h e  c o l o u r  uas re a d  a t  750 nm on a Unicam SP500 s p e c t r o p h o t o m e t e r .
The a u to m a te d  me thod ,  u s in g  t h e  T e c h n ic o n  A u t o A n a l y z e r , 
uas s i m i l a r  i n  e s s e n c e .  S a m p l in g  uas c a r r i e d  o u t  i n i t i a l l y  a t
4 0 /h  u s in g  th e  o r t h o d o x  T e c h n ic o n  modu les  b u t  t r i a l s  u i t h .
. \
a C e n t r a l  I g n i t i o n  sa m p le rs h o u e d  t o l e r a b l y  l o u  l e v e l s  o f  
c r o s s - c o n t a m i n a t i o n  a t  5 0 /h  and hence sam p les  were  ru n  a t  
t h i s  f a s t e r  r a t e  uhen th e  C e n t r a l  I g n i t i o n  s a m p le r  r e p l a c e d
t h e  T e c h n ic o n  s a m p le r .  C o l o r i m e t r y  uas a t  697 nm.
D e t a i l s  o f  t h e  v a r i o u s  assays  a re  g i v e n  i n  t a b l e  2 . 1 .  
S ta n d a rd s  c o n s i s t e d  o f  Kh^PO^ s o l u t i o n s  ( 0 .1  -  2 ^ /m o le s /m l ) .
( i i ) p - N i t r o p h e n o l - r e l e a s i n q  Enzymes
U i t h  t h e  e x c e p t i o n  o f - g l u o c o s i d a s e ,  u h i c h  uas assayed
m a n u a l l y  by t h e  method o f  Beck and T a p p e l  ( 1 9 6 8 ) ,  u s i n g
p - n i t r o p h e n y l - ^ f - D - g l u c o p y a n o s i d e  as s u b s t r a t e ,  a l l  t h e  u o r k
,■ u i t h  p - n i t r o p h e n o l - r e l e a s i n g  enzymes uas done u s in g  t h e
! T e c h n ic o n  A u t o A n a l y z e r . The m a n i f o l d  ( f i g . 2 . 1 )  used uas v e r y
f l e x i b l e  i n  t h a t  t h e  c o n c e n t r a t i o n s  o f  s u b s t r a t e ,  a c t i v a t o r
and b u f f e r  c o u ld  be v a r i e d  i n d e p e n d e n t l y .  The enzyme r e a c t i o n
uas s t o p p e d ,  t h e  p r o t e i n  s o l u b i l i s e d  and t h e  p - n i t r o p h e n o l
c o l o u r  d e v e lo p e d  by t h e  a d d i t i o n  o f  1N NaOH. D u r i n g  p i l o t
u o r k  on t h e  m a n i f o l d  i t  uas fo u n d  t h a t  peak shapes u e re  bad
and c r o s s - c o n t a m i n a t i o n  h ig h  uhen a ssa ys  u e re  p e r f o r m e d  i n
2+t h e  p re s e n c e  o f  Mg i o n s .  T h i s  uas because  o f  p r e c i p i t a t i o n  
o f  Mg(0H)2 a f t e r  t h e  a d d i t i o n  o f  NaOH. On a d d i t i o n  o f  
0 .15M EDTA t o  t h e  sod ium  h y d r o x i d e  t h i s  f a u l t  uas c u r e d .  
S a m p l in g  uas a t  t h e  r a t e  o f  3 0 / h .  H ig h e r  r a t e s  u e re  t r i e d  
b u t  t h e  l e v e l s  o f  c r o s s - c o n t a m i n a t i o n ,  p a r t i c u l a r l y  a t  h i g h  
s u c r o s e  c o n c e n t r a t i o n s ,  u e re  u n a c c e p t a b l e .  The p e r f o r m a n c e  
o f  t h e  m a n i f o l d  uas b e t t e r  a t  a l k a l i n e  pHs.  A t  a c i d  pH s th e  
r e l e a s e d  p - n i t r o p h e n o l  te n d e d  t o  s t i c k  t o  t h e  m a n i f o l d ,  
c a u s in g  c r o s s - c o n t a m i n a t i o n .  Assay c o n d i t i o n s  u e re  as shoun 
i n  T a b le  2 . 2  u n le s s  o t h e r w i s e  s t a t e d  i n  t h e  t e x t .
H in t o n  (1 9 7 0 )  checked  th e  l i n e a r i t y  o f  t h e  a c i d  and 
a l k a l i n e  p - n i t r o p h e n y l  p h o s p h a ta s e  a s s a y s  u i t h  r e s p e c t  t o
TABLE 2 .1
Assays  c o n d i t i o n s  used f o r  p h o s p h a ta s e  e s t i m a t i o n s .
Enzyme
( 0 . 5 m l )
5 ’ - n u c l e o t i d a s e
G l u c o s e - 6 - p h o s p h a ta s e
A c id
^ 5  - g l y c e r o p h o s p h a t a s e  
A l k a l i n e
^5 - g l y c e r o p h o s p h a t a s e
B u f f e r  + 
A c t i v a t o r
( 0 . 4 m l )
0.2M T r i s  pH 8 
4- 1 2 .5  mM Mg2+
S u b s t r a t e
( 0 . 1ml)
0 . 05PQ 
AMP
0.3M DMG pH 6 . 5  0.05M
+ 30 mM EDTA G6P(Ba s a l t )
0.3M A c e t a t e  pH5 1M
/ 3  GP
0.2M G l y c i n e  
pH 9 . 6
1M
z5 G P .
I n c u b a t i o n  
T ime
^ 1 2 0  min 
^>60 min 
> 6 0  min 
> 1 2 0  min
TABLE 2 .2
Assay c o n d i t i o n s  used f o r  p - n i t r o p h e n o l - r e l e a s i n g  enzymes.
Enzyme
A c id  p - n i t r o -  
p h e n y lp h o s p h a ta s e
A l k a l i n e  p - n i t r o -  
p h e n y lp h o s p h a ta s e  '
" N e u t r a l "  p - n i t r o -  
p h e n y lp h o s p h a ta s e
A c id  p h o s p h o d ie s t e r a s e
A l k a l i n e
p h o s p h o d ie s t e r a s e
" N e u t r a l "
p h o s p h o d ie s t e r a s e
B u f f e r  + 
A c t i v a t o r
( F i n a l  cones )
S u b s t r a t e  
( F i n a l  c o n es )
0 . 1 5M A c e t a t e  6 mM p - n i t r o p h e n y 1 -  
pH5 p h o s p h a te
0.2M T r i s  pH "
8.8 + 5mM Mg^+
0.2M T r i s  pH 9
7 . 2  + 5mM Mg
0 . 1 5M A c e t a t e  
pH5
0.2M T r i s  pH
8.8 + 10 mM 
Mg2+
0.2M T r i s  pH
7 .2  + 10 mM 
Mg2+
T .25  mM b i s - p - n i t r o -  
p h e n y lp h o s p h a t e
S ta n d a r d s  u e re  o f  p - n i t r o p h e n o l  (1 -  50 j j g , / m l . )
Flowrate 
m l/ min
Recorder Colorimeter
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F ig .  2 .1  AutoAnalyzer manifo ld used f o r  the e s t im a t io n  of  
p - n i t r o p h e n o l - r e le a s in g  enzymes.
1 0
Alkaline phosphodiesterase
0*6
o*4
A c i d  p h o s p h o d ie s te m .s e .
1004 o
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F i g ,  2 .2  L i n e a r i t y  o f  a l k a l i n e  and a c i d  p h o s p h o d ie s t e r a s e  
a ssa ys  w i t h  r e s p e c t  t o  t i s s u e  c o n c e n t r a t i o n .  The 
sam p les  u e re  v a r i o u s  d i l u t i o n s ,  u i t h  s u c ro s e  o f  
d e n s i t y  1 . 1 3 ,  o f  a f r a c t i o n  o f  i s o p y c n i c  d e n s i t y  
1 .1 3  (p .m . ,  r e g i o n )  f r o m  a z o n a l  ru n  c a r r i e d  o u t  on 
a tum our  p o s t - l y s o s o m a l  f r a c t i o n .  Assays  u e re  
p e r fo rm e d  i n  th e  p re s e n c e  o f  flg^* + i o n s .
' t i s s u e  c o n c e n t r a t i o n .  The c o r r e s p o n d i n g  c u r v e s  f o r  a c i d  and 
a l k a l i n e  p h o s p h o d ie s t e r a s e s  a re  shoun i n  F i g .  2 . 2 .
i i i ) R ibonuc- leases
The same b a s i c  i n c u b a t i o n  m i x t u r e  uas used t h r o u g h o u t  
t h e s e  s t u d i e s  f o r  r i b o n u c l e a s e  (RNase) a s s a y s ,  a l t h o u g h  pH, 
a c t i v a t o r  and i n h i b i t o r  c o n c e n t r a t i o n s  and i n c u b a t i o n  t i m e s  
u e re  v a r i e d .  T h i s  m i x t u r e  c o n s i s t e d  o f  0 . 5  ml t i s s u e  f r a c t i o n ,  
0.4  ml b u f f e r  ( i n c o r p o r a t i n g  a c t i v a t o r  o r  i n h i b i t o r  u h e re  u s e d )  
and 0 .1  ml o f  RNA s o l u t i o n .  A f t e r  i n c u b a t i o n  a t  37°  f o r  an 
a p p r o p r i a t e  p e r i o d ,  t h e  r e a c t i o n  uas s to p p e d  and p r o t e i n  and 
p o l y r i b o n u c l e o t i d e s  p e r c i p i t a t e d  by t h e  a d d i t i o n  o f  1 .5  ml 'IQfo . 
P C A /0 .25^  u r a n y l  a c e t a t e .  B la n k s  u e re  i n c u b a t e d  f o r  a m i n i m a l  
p e r i o d  (1 -  2 m in s )  b e f o r e  a d d i t i o n  o f  t h e  P C A /u r a n y l  a c e t a t e .
The sam p les  u e re  l e f t  a t  2°  f o r  1 h o u r  p r i o r  t o  r e m o v a l  o f  t h e  
p r e c i p i t a t e  by c e n t r i f u g a t i o n .  The s u p e r n a t a n t  uas d e c a n te d  o f f  
and d i l u t e d  2 -  o r  3 -  f o l d  u i t h  u a t e r  and th e  a b s o rb a n c e  o f  t h e
r e s u l t i n g  s o l u t i o n  re a d  a t  260 nm i n  a Unicanv SP500
s p e c t r o p h o t o m e t e r .  Assays and b la n k s  u e r e  p e r f o r m e d  i n  d u p l i c a t e  
o r  t r i p l i c a t e .
P r e p a r a t i o n  o f  RNA s u b s t r a t e
Tuo b a tc h e s  o f  RNA s u b s t r a t e  u e r e  u se d .  The f i r s t  o f  t h e s e  
(A )  uas p r e p a r e d  by Burge (1 9 7 2 )  f r o m  Sigma g ra d e  MI t o r u l a  
y e a s t  RNA. T h i s  uas used i n  t h e  e a r l y  p a r t  o f  t h e s e  s t u d i e s .
The second b a tc h  ( B ) ,  used f o r  t h e  b u l k  o f  t h e  u o r k  d e s c r i b e d  
i n  t h i s  t h e s i s  uas p r e p a r e d  as f o l l o u s :
60 g o f  Sigma g ra d e  VI  t o r u l a  y e a s t  RNA uas d i s s o l v e d  i n
a p p r o x i m a t e l y  1 1  o f  0 .1  H T r i s .  The pH uas m a i n t a i n e d  a t  8
d u r i n g  s o l u t i o n .  . A f t e r  t h e  l e n g t h y  p e r i o d  ( c . 2 h )  r e q u i r e d  
t o  d i s s o l v e  t h e  c ru d e  RNA, t h e  r e s u l t a n t  s o l u t i o n  uas passed 
th r o u g h  a d i a f i l t r a t i o n  a p p a r a t u s  (Amicon L t d . , The Hague, 
N e t h e r l a n d s ) u s i n g  a f i l t e r  u h i c h  r e t a i n e d  m o le c u le s  u i t h  a 
m o l e c u l a r  u e i g h t  g r e a t e r  t h a n  a b o u t  1 0 ,0 0 0 .  The r e t a i n e d  
s o l u t i o n  became i n c r e a s i n g l y  ' t r e a c l y 1 as f i l t r a t i o n  p ro ce e d e d  
u n t i l ,  u i t h  240 ml r e t a i n e d ,  . f i l t r a t i o n  had e f f e c t i v e l y  ce a se d .
A t  t h i s  s t a g e  t h e  RNA s o l u t i o n  uas d a r k  b ro un  and v e r y  v i s c o u s .  
T h i s  s o l u t i o n  uas d i l u t e d  t o  500 ml and e x t r a c t e d  5 t i m e s  u i t h  
an e q u a l  vo lume o f  90/6 p h e n o l / l $  sod ium  d o d e c y l  s u p l p h a t e / 0 .1 % 
8 - h y d r o ^ y c ^ i n o l i n e  ( M u l l o c k  a l .  1 9 7 1 ) ,  a 30 min s p i n  a t  3000 
r e v / m i n ^ i n  t h e  MSE 'Magnum* c e n t r i f u g e  b e in g  • n e c e s s a r y  t o  
s e p a r a t e  t h e  aqueous and p h e n o l  l a y e r s  a f t e r  each e x t r a c t i o n .
The a p pe a ra nce  o f  t h e  aqueous l a y e r  im p ro v e d  a f t e r  each 
e x t r a c t i o n ,  s t a r t i n g  o f f  d a r k  g re y  and becoming c o l o u r l e s s  
a f t e r  t h e  f i f t h  e x t r a c t i o n .  The RNA i n  t h e  aqueous l a y e r  a f t e r  
t h e  f i f t h  e x t r a c t i o n  uas p r e c i p i t a t e d  u i t h  3 vo lum es  o f  e t h a n o l  
and l e f t  a t  - 5 °  o v e r n i g h t .  The p r e c i p i t a t e  uas spun doun and 
uashed t u i c e  u i t h  e t h a n o l  and th e n  d i s s o l v e d  i n  400 ml d o u b l e -  
d i s t i l l e d  u a t e r .  T h i s  s o l u t i o n  uas s u b j e c t e d  t u i c e  t o  
d i a f i l t r a t i o n , u s in g  th e  same t y p e  o f  f i l t e r  as p r e v i o u s l y ,  t h e  
RNA b e in g  p r e c i p i t a t e d  u i t h  e t h a n o l ,  spun doun and r e d i s s o l v e d  
i n  u a t e r  b e tu e e n  t h e  t u o  t r e a t m e n t s .
The r e s u l t a n t  s o l u t i o n  uas f r e e z e - d r i e d  y i e l d i n g  7 . 6 6 g 
o f  t h e  p u r i f i e d  RNA. t h i s  r e p r e s e n t e d  a y i e l d  o f  a p p r o x i m a t e l y  
13$ u i t h  r e s p e c t  t o  t h e  s t a r t i n g  m a t e r i a l .  The a b s o r p t i o n  
s p e c t r u m  o f  a 0 .1 m g /m l  s o l u t i o n  o f  t h i s  RNA i s  shoun i n  F i g . 2 . 3 .
The a c i d  and a l k a l i n e  RNase a ssa ys  u e re  v a l i d a t e d  by c h e c k in g
v\>
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F i g .  2 . 3  A b s o r p t i o n  c u rv e  f o r  a 0 .1  mg/m l  s o l u t i o n  o f  p u r i f i e d  
y e a s t  RNA o f  b a tc h  B. The p u r i f i c a t i o n  p r o c e d u r e  
i s  d e s c r i b e d  i n  th e  t e x t .
' the l i n e a r i t y  o f  t h e  a ssa ys  as f u n c t i o n s  o f  s u b s t r a t e  
c o n c e n t r a t i o n ,  t i s s u e  c o n c e n t r a t i o n  and t im e  o f  i n c u b a t i o n  
u s in g  RNA o f  b a tc h  B. The r e s u l t s  a re  shoun i n  F i g s .  2 . 4 .  -  
2 . 6 . On t h e  b a s i s  o f  t h e s e  r e s u l t s  f i n a l  c o n c e n t r a t i o n s  i n  
t h e  i n c u b a t i o n  m i x t u r e  o f  0.5mg RNA/ml and 1mg RNA/ml 
u h e re  chosen f o r  a c i d  and a l k a l i n e  RNase assays  r e s p e c t i v e l y .
A c id  RNase a s s a y .  The l i n e a r i t y  o f  t h e  assay  u i t h  
r e s p e c t  t o  t i s s u e  c o n c e n t r a t i o n  a t  a ra n g e  o f  RNA 
c o n c e n t r a t i o n s .  The assay  m i x t u r e  c o n s i s t e d  o f : -  
0 .1  -  0 .5  ml t i s s u e  s u s p e n s io n  ( p o s t - n u c l e a r  f r a c t i o n ,  
90ml o f  u h i c h  c o n t a i n e d  m a t e r i a l  f ro m  1g l i v e r )  made up 
t o  0 . 5ml u i t h  ^ 0 .
0 .4 m l  0 .1N DWG b u f f e r  pH 5 . 6 .
0 .1 m l  RNA ( b a t c h  B ) .
The a ssay  uas as d e s c r i b e d  i n  th e  t e x t .  Samples and 
b la n k s  u e re  p e r fo rm e d  i n  t r i p l i c a t e ,  i n c u b a t i o n  uas 
f o r  30 min and t h e  s u p e r n a t a n t s  u e re  d i l u t e d  3 - f o l d  
b e f o r e  r e a d i n g .  The v e r t i c a l  b a rs  r e p r e s e n t  t h e  t o t a l  
ra n g e  u i t h i n  u h i c h  th e  a b s o rb a n c e  d i f f e r e n c e s  b e tu e e n  
sam p les  and b la n k s  f e l l .
F i g .  2 .5  A l k a l i n e  RNase a s s a y .  The l i n e a r i t y  o f  t h e  a ssay  u i t h  
^ £ r e s p e c t  t o  t i s s u e  c o n c e n t r a t i o n  a t  a ra n g e  o f  RNA
c o n c e n t r a t i o n s .  The assay  m i x t u r e  c o n s i s t e d  o f : -  
0 .1  -  0 .5  ml t i s s u e  ( p o s t - n u c l e a r  f r a c t i o n , 90ml o f  u h i c h  
c o n t a i n e d  m a t e r i a l  f r o m  1g l i v e r )  made up t o  0 . 5  ml 
u i t h  H2O.
0 .4 m l  0.2M T r i s  pH 7 .8  c o n t a i n i n g  
O.SmM p - c h l o r o m e r c u r i b e n z o a t e .
0 .1 m l  RNA ( b a t c h  B ) .
The assay  uas as d e s c r i b e d  i n  t h e  t e x t .  Samples and 
b la n k s  u e re  as.sayed i n  t r i p l i c a t e ,  i n c u b a t i o n  uas f o r  
30 min and th e  s u p e r n a t a n t s  u e re  d i l u t e d  3 - f o l d  b e f o r e  
r e a d i n g .  The v e r t i c a l  b a rs  r e p r e s e n t  t h e  t o t a l  ra n g e  
u i t h i n  u h i c h  th e  a b s o rb a n c e  d i f f e r e n c e s  b e tu e e n  sam p les  
and b la n k s  f e l l .  R e s u l t s  became v e r y  v a r i a b l e  a t  RNA 
c o n c e n t r a t i o n s  o f  2 . 5  and 4 m g /m l .
F i g . 2 . 4  
A -  D-
F i g .  2 . 6 A . T h e . a f f e c t  o f  RNA c o n c e n t r a t i o n  on a l k a l i n e  and a c i d  
RNase a c t i v i t i e s  (exp ressed  as A A 2 6 0 / 3 0 m in ) .
T i s s u e s  u e re  d i l u t e d  p o s t - n u c l e a r  f r a c t i o n s ^ a n d  b u f f e r s  
u e re  as i n  F i g s .  2 . 4 .  and 2 . 5 .   ^ Z o o m  ( o f  'f r a € R o n S  
Conicuried m a te r ia l *from  |g  Uv'er".
F i g .  2 .6 B .T h e  l i n e a r i t y  o f  t h e  a l k a l i n e  RNase a c t i v i t y  u i t h  r e s p e c t  
t o  t im e  o f  i n c u b a t i o n .  Assay c o n d i t i o n s  u e re  as i n  
F i g . 2 . 5 ,  t h e  sample  b e in g  0 .5 m l  o f  a p o s t - n u c l e a r  
f r a c t i o n  c o n t a i n i n g  m a t e r i a l  f r o m  0 .0 2 g  l i v e r .  F i n a l  
RNA c o n c e n t r a t i o n  uas 1mg/m l .
B..0'5mg 
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(ivMiscellaneous Enzymes
Monoamine Ox idase  ( POA0)
Tuo methods u e re  t r i e d  f o r  t h e  a ssay  o f  MAO:
( i )  u s i n g  b e n z y la m in e  as s u b s t r a t e  and ( i i )  u s i n g  
k 'yn u ram in e  as s u b s t r a t e .
( i )  T h i s  uas t h e  method o f  S ch n a i tm a n  jet a l .  ( 1 9 6 7 )  i n  u h i c h  
t h e  a p pe a ra nce  o f  t h e  p r o d u c t ,  b e n z a ld e h y d e ,  i s  m o n i t o r e d  
on t h e  U n ic a m  SP800 r e c o r d i n g  s p e c t r o p h o t o m e t e r  a t  250 nm.
The assay  medium c o n t a i n e d  1 ml t i s s u e  sa m p le ,  2.5mlY) 
b e n z y la m in e  HQ. t and 0.05M p h o s p h a te  b u f f e r  pH 7 . 6  i n  a t o t a l  
Volume o f  3 m l .  The sample uas m o n i t o r e d  a g a i n s t  a b l a n k  
l a c k i n g  b e n z y la m in e .  The r e a c t i o n  uas l i n e a r  u i t h  t i m e  
and t i s s u e  c o n c e n t r a t i o n  u i t h i n  th e  l i m i t s  t e s t e d  ( F i g s .
2 . 7 A and 2 . 7 B ) .
( i i ) K r a m l f s f l u o r i m e t r i c  m o d i f i c a t i o n  o f  Ueis<sbach*s p r o c e d u r e  
uas used (K ra m l  1 9 6 5,Weissbach et al. 1960)ex c e p t  t h a t  p e r c h l o r i c  
a c i d  uas used t o  s t o p  th e  r e a c t i o n  i n s t e a d  o f  t r i c h l o r o a c e t i c  
a c i d .  T h i s  r e s u l t e d  i n  re d u c e d  q u e n c h in g  o f  f l u o r e s c e n c e  
( C e n t u r y  and Rupp 196JJ).. The assay  medium c o n s i s t e d  o f
1 ml t i s s u e  s a m p le ,  10Ojjg k y n u ra m in e  d i h y d r o b r o m i d e  and 
0.05M p h o s p h a te  b u f f e r  pH 7 .4  i n  3 ml t o t a l  v o lu m e .
I n c u b a t i o n  uas c a r r i e d  o u t  f o r  30 m i n u t e s .  The r e a c t i o n  
uas s to p p e d  by t h e  a d d i t i o n  o f  2 ml 6% p e r c h l o r i c  a c i d  and 
th e  p r e c i p i t a t e  uas spun o f f .  A 1 ml a l i q u o t  o f  t h e  
s u p e r n a t a n t  uas added t o  2 ml 1N NaOH. The sa m p le s  u e re  
p la c e d  i n  a B a i r d  A to m ic  f l u o r i m e t e r  and t h e  f l u o r e s c e n c e
a t  380 nm was measured w i t h  an a c t i v a t i n g  w a v e le n g t h  o f  315nm. 
B la n k s  c o n t a i n e d  no k y n u ra m in e .  L i n e a r i t y  w i t h  t im e  and t i s s u e  
c o n c n . i s  shown i n  F i g s .  2 .7C and 2 .7 D .  4 - H y d r o x y q u i n o l i n e  
s o l u t i o n s  were used as s t a n d a r d s .  A s t a n d a r d  c u r v e  i s  shown i n  
F i g s .  2 .8C and 2 .8 D .  I t  was fo u n d  t h a t  on l e a v i n g  f o r  s e v e r a l  
h o u r s ,  even a t  4 ° ,  t h e  sam p les  t u r n e d  y e l l o w .  The re a s o n  f o r  t h i s  
c o u ld  n o t '  be d e t e r m in e d  and i t  was c o n s id e r e d  w is e  t o  r e a d  
th e  sam p les  i m m e d i a t e l y  a f t e r  t h e  a d d i t i o n  o f  NaOH.
For  o u r  p u r p o s e ,  i n  w h ic h  t h e  d e t e c t i o n  o f  s m a l l  amounts  o f  
nAO a c t i v i t y  i n  t h e  m ic ro s o m a l  f r a c t i o n  was th e  p r im e  o b j e c t  
t h e  kynu ram ine  method was a d o p t e d .  T h i s  was much more 
s e n s i t i v e  th a n  t h e  b e n z y la m in e  m e thod ,  more c o n v e n i e n t  t o  
p e r f o r m  and had t h e  added a d v a n ta g e  t h a t ,  because o f  i t s  
s p o n ta n e o u s  c y c l i s a t i o n  t o  4 - h y d r o x y q u i n o l i n e ,  t h e r e  was 
no q u e s t i o n  o f  f u r t h e r  enzyme a t t a c k  on th e  r e a c t i o n  p r o d u c t .
The two methods gave th e  same r e c o v e r y  o f  FIAO i n  t h e  m ic r o s o m a l  
f r a c t i o n  (1 %).
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F i g  2 * 7  A-D. L i n e a r i t y  o f  MAO a s s a y s .
A) B e n z y la m in e  as s u b s t r a t e .  L i n e a r i t y  u . r . t .  t i s s u e
c o n c e n t r a t i o n ,  T i s s u e :  p u r i f i e d  mi t o c h o n d r i a . fV o n ' i 5 < 3  
te $ u *sp e .n d e d  u» \OOrwl 0 ’Z,SM surncSC/^ VnM Trfff pH #
B) B e n z y la m in e  as s u b s t r a t e .  L i n e a r i t y  u . r . t .  i n c u b a t i o n
t i m e .  T i s s u e :  . p u r i f i e d  m i t o c h o n d r i a  m  S q U Y & r  
uzSu&p&nd'ed vn \O0r*A O'ZStA SuCroSe/ ^wM Tn’S pH ? " 4  .
C) K yn u ram in e  as s u b s t r a t e .  L i n e a r i t y  u . r . t .  t i s s u e
c o n c e n t r a t i o n .  T i s s u e :  p o s t - n u c l e a r  m a t e r i a l .
D) Kymuramine as s u b s t r a t e :  L i n e a r i t y  u . r . t .  i n c u b a t i o n
t i m e .  T i s s u e :  p o s t - n u c l e a r  m a t e r i a l .
L - l e u c l± „ z lL z -  n a p h t h y l amidase
The method employed was G o ld b e rg  and R u t e n b e r g f s (1 9 5 8 )  
•p ro c e d u re  as m o d i f i e d  by H ubscher  e t  a l , ( 1 9 6 5 ) .  The assay  
m i x t u r e  c o n t a i n e d  1 ml t i s s u e ,  0.05M Sorensen  p h o s p h a te  
b u f f e r  pH 7 . 0  and 0 .5 3  mg. L - l e u c y l y ^ - n a p h t h y l a m i d e  d i h y d r o c h l o r i d e  
i n  a t o t a l  vo lume o f  2 m l .  A f t e r  i n c u b a t i o n ,  t h e  s o l u t i o n  was 
d e p r o t e i n i s e d  by t h e  a d d i t i o n  o f  1 ml o f  6% p e r c h l o r i c  a c i d .
A f t e r  s p i n n i n g  down th e  p r e c i p i t a t e ,  th e ^/3  - n a p h t h y l a m i n e  i n  
t h e  s u p e r n a t a n t  was e s t i m a t e d  e i t h e r  m a n u a l l y  ( i n  t h e  e a r l y  
p a r t  o f  t h i s  s t u d y )  o r  by an a u to m a te d  a d a p t a t i o n  o f  t h e  manual  
m e th o d .
Manual Method
To 1 ml o f  t h e  s u p e r n a t a n t  uas added 1 ml 0 . 1 $  sod ium  
n i t r i t e .  The m i x t u r e . u a s  l e f t  f o r  3 m in u t e s  and t h e n  1 ml 
0 . 5 $  ammonium s u lp h a m a te  added .  A f t e r  a f u r t h e r  2 m i n u t e s ,
2 ml o f  0 .0 5 $  N - ( l - n a p h t h y l ) - e t h y l e n e d i a m i n e  d i h y d r o c h l o r i d e  
uas added .  The a b s o rb a n c e  a t  560 nm uas measured i n  a Unicam 
SP500 s p e c t r o p h o t o m e t e r ,  f o l l o u i n g  a 10 m in u te  w a i t  f o r  f u l l  
. c o l o u r  d e v e lo p m e n t  t o  t a k e  p l a c e .  S ta n d a r d s  c o n s i s t e d  o f
p h t h y l a m i n e  h y d r o c h l o r i d e  s o l u t i o n s .
B la n k s  ( b o t h  t i s s u e  and r e a g e n t )  u e re  i n c l u d e d .  
A u t o A n a ly z e r  method
\
Because ( a )  t h e  s u b s t r a t e ,  p r o d u c t  and c o u p l i n g  r e a g e n t  
a re  a l l  c a r c i n o g e n i c  ( b )  t h e  e s t i m a t i o n  o f  ^ 6  - n a p h t h y l a m i n e  
i s  v e r y  ’ f i d d l y 1, i n v o l v i n g  3 ,2  and 10 m in u t e  u a i t i n g  s t e p s
-a n d  ( c )  t h e  assay  uas l i k e l y  t o  be r o u t i n e ,  an au tom ated  
method f o r  t h e  d e t e r m i n a t i o n  o f ^ g - n a p h t h y l a m i n e  uas d e v e lo p e d  
u s in g  th e  m odu les  o f  t h e  T e c h n ic o n  A u t o A n a l y z e r . The m a n i f o l d  
f i n a l l y  a d o p te d  i s  shoun i n  F i g .  2 . 9 .  F lo u  r a t e s  u e re  s e t  so 
as t o  a l l o u  f o r  t h e  c o r r e c t  t im e  d e la y s  b e tu e e n  t h e  a d d i t i o n  
o f  t h e  v a r i o u s  r e a g e n t s .
There  uas m i n im a l  c r o s s - c o n t a m i n a t i o n  b e tu e e n  sam p les  
a t  a s a m p l i n g  r a t e  o f  3 0 /h  ( F i g .  2 .1 0 ) .  For l o u - v i s c o s i t y  
sam p les  ( e . g .  t h o s e  i n  u a t e r )  a h i g h e r  r a t e  c o u ld  be use d ,  
b u t  3 0 /h  uas a d o p te d  because t h i s  gave l i t t l e  c r o s s - c o n t a m i n a t i o n  
even uhen th e  sam p les  c o n t a in e d  0.5FI s u c r o s e .  A t  t h i s  s a m p l i n g  
r a t e  peaks re a c h e d  a p p r o x i m a t e l y  95% o f  t h e  m ax im a l  h e i g h t  
and r e p l i c a t e  a n a l y s e s  o f  t h e  same sample  shoued v e r y  l o u  
s c a t t e r .  D a ta  o b t a i n e d  uhen t e s t i n g  t h e  m a n i f o l d  on s t a n d a r d s  
b e tu e e n  2 .5  and 30 yug j i  - n a p h t h y l a m i n e / m l  a re  .shoun  i n  T a b le  
2 . 3 .
S ta n d a rd  c u r v e s  f o r  t h e  manual  and a u to m a te d  method a re  
shoun i n  F ig s . - 2 - . 8 A  and 2 .8 B .  L i n e a r i t y  u i t h  t i m e  and t i s s u e  
c o n c e n t r a t i o n  i s  seen i n  F i g .  2 . 1 1 .  Th e re  uas a marked 
. d e v i a t i o n  f ro m  l i n e a r i t y  u i t h  i n c u b a t i o n  t im e s  l o n g e r  t h a n  
1 h o u r  and c o n s e q u e n t l y  i n c u b a t i o n  uas r e s t r i c t e d  t o  t h e  r a n g e  
1 5 -60  m i n u t e s .
S u c c i n a t e  d e h yd ro g e n a se
S u c c i n a t e  d e h yd ro g e n a se  uas measured as S u c c in a t e - ( 2 -  
( p - i o d o p h e n y l ) - 3 - ( p - n i t r o p h e n y l ) - 5 - p h e n y l t e t r a z o l i u r n  r e d u c t a s e  
( s u c c in a t e - I - N T  r e d u c t a s e )  ( P e n n in g to n  1961)  . The a ss a y  medium^ 
t o t a l  vo lume 1 m l ,  c o n t a i n e d  0 .3 7 5  mg INT c h l o r i d e ,  0 .1 2 5  d
•phospha te  b u f f e r  pH 7 . 4 ,  0 .0 7 5  d sod ium  s u c c i n a t e ,  t o g e t h e r  
u i t h  a 0 .5  ml t i s s u e  s a m p le .  I n c u b a t i o n  uas c a r r i e d  o u t  f o r  
30 m in u t e s  uhen t h e  r e a c t i o n  uas s to p p e d  by th e  a d d i t i o n  o f  
1 .5  ml 6% t r i c h l o r o a c e t i c  a c i d .  4 ml o f  e t h y l  a c e t a t e  uas 
t h e n  added and th e  r e d  fo rm a za n  p ro d u ce d  by th e  enzyme a c t i o n  
e x t r a c t e d  i n t o  o r g a n i c  l a y e r .  A s h o r t  s p i n  s u f f i c e d  t o  
s e p a r a t e  th e  t u o  l a y e r s  f u l l y  and th e  c o l o u r  uas re a d  a t  490 nm. 
T i s s u e  b la n k s  c o n t a i n e d  0 .0 7 5 d  sod ium  m a lo n a te  i n  l i e u  o f  
s u c c i n a t e .
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F i g  2 M 8 A-D
A) / 3 — n a p h t h y la m in e  s t a n d a r d  c u r v e :  manual  m e th o d ,
B) - n a p h t h y l a m i n e  s t a n d a r d  c u r v e :  A u t o A n a l y z e r  m e th o d .
C) and D) 4 - H y d r o x y q u i n o l i n e  s t a n d a r d  c u r v e s .
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A u t o A n a l y z e r  m a n i f o l d  used f o r  th e  e s t i m a t i o n  o 
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F i g  2 . 1 0
A u t o A n a l y z e r  t r a c e  f o r  5 ,  10 and 15 j j g / m l y 5 - n a p h t h y l a m i n e  
s t a n d a r d s .  T h i s  shous m i n i m a l  c r o s s - c o n t a m i n a t i o n  b e tu e e n  
peaks and good r e t u r n  t o  b a s e l i n e .
TABLE Z . 3
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P e r fo rm a n c e  d a ta  f o r  th e ^ f)  - n a p h t h y l a m i n e  m a n i f o l d .
10 s t a n d a r d s  o f  each c o n c e n t r a t i o n  ue re  used and ue re  
ru n  a t  30 s a m p le s / h .
% o f  maximum 
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L i n e a r i t y  o f  L - l e u c y l T ^ T - n a p h t h y l a m i d a s e  a ssa y  A) u . r . t ,  
t i s s u e  c o n c e n t r a t i o n .  B) u . r : . t .  t i m e .  A l g / 2 5 0  ml d i l u t i o n  
o f  u h o le  homogenate  uas use d .  Assay c o n d i t i o n s  u e re  a#
d e s c r i b e d  i n  th e  t e x t .  - n a p h t h y l a m i n e  uas e s t i m a t e d  m a n u a l l y .
/ .7 ' .
E. PREPARATION OF TISSUE FOR
ZONAL CENTRIFUGATION
( i )  P r e p a r a t i o n  o f  Homooenates
The t i s s u e s  used i n  t h e s e  s t u d i e s  u e re  r a t  l i v e r ,  dog 
l i v e r  and r a t  hepa tom a.  D e t a i l s  g i v e n  h e re  f o r  h o m o g e n is a t i o n  
c o n d i t i o n s  r e f e r  t o  t h o s e  e x p e r im e n t s  where p o s t - l y s o s o m a l  
o r  m ic r o s o m a l  m a t e r i a l  u e re  l o a d e d  o n to  th e  z o n a l  c e n t r i f u g e .
In  s e v e r a l  cases  o t h e r  t i s s u e  f r a c t i o n s  u e re  used and d e t a i l s  
f o r  t h e  p r e p a r a t i o n  o f  t h e s e  f r a c t i o n s  u i l l  be fo u n d  i n  t h e  
r e s u l t s  s e c t i o n .
Ra ts  u e re  k i l l e d ,  by c e r v i c a l  d i s l o c a t i o n  and t h e  t i s s u e  
r a p i d l y  e x c i s e d  i n t o  i c e - c o l d  0 .25N s u c r o s e  c o n t a i n i n g  5mM 
T r i s  pH 7 . 4 .  P e r fu s e d  l i v e r  uas o c c a s i o n a l l y  u sed ,  t h e  
p e r f u s i o n  b e in g  p e r fo rm e d  by c u t t i n g  t h e  i n f e r i o r  vena cava 
j u s t  above t h e  d ia p h ra g m  and i n s e r t i n g  a n e e d le  i n  t h e  a o r t a .  
Warm i s o t o n i c  s u c r o s e  pH 7 . 4 .  uas pumped t h r o u g h  t h i s  n e e d le  
u n t i l  t h e  l i v e r  uas a p a le  fa u n  c o l o u r .  Tumours u e re  removed 
c o m p le te  u i t h  t h e i r  c a p s u l e s .  The dogs u e re  k i l l e d  a t  
S i t t i n g  b o u r n e , . K e n t . T h e i r  l i v e r s ,  w h ic h  u e r e  u n p e r f u s e d ,  u e re  
t r a n s p o r t e d  on i c e  t o  B a t t e r s e a  as r a p i d l y  a f t e r  t h e  a n i m a l s 1 
d e a th  as p o s s i b l e .
The q u a n t i t y  o f  t i s s u e  homogen ised  uas n o r m a l l y  b e tu e e n  
6 and 8 g .  T h i s  uas u e ig h e d  o u t ,  a f t e r  b l o t t i n g ,  i n t o  i c e - c o l d  
h o m o g e n is a t i o n  medium and th e n  c u t  i n t o  s m a l l  p i e c e s  u i t h  
s c i s s o r s .
H o m o g e n is a t i o n  uas c a r r i e d  o u t  i n  i c e  u i t h  f i v e  s t r o k e s  
o f  a P o t t e r - E l v e h j e m  h o m o g e n ise r  u i t h  a c l e a r a n c e  o f  0.18mm 
b e tu e e n  t h e  p e s t l e  and t h e  v e s s e l .  The h o m o g e n is a t i o n  medium 
c o n s i s t e d  o f  0.251^ s u c r o s e  b u f f e r e d  u i t h  SmM T r i s  pH 7 . 4 .
Uhere  t h e  t i s s u e  uas t o  be used f o r  a z o n a l  ru n  i n  u h i c h  t h e  
g r a d i e n t  m a t e r i a l  c o n t a i n e d  magnesium, t h e  e q u i v a l e n t  
c o n c e n t r a t i o n  o f  magnesium ( 1 - 5  mfl) uas i n c l u d e d  i n  t h e  
h o m o g e n is a t i o n  medium. The p e s t l e  r o t a t e d  a t  2400 r e v / m i n  
In  t h e  case o f  hepa toma,  th e  r e s u l t i n g  homogenate uas passed 
t h r o u g h  a s i e v e  t o  remove c o n n e c t i v e  t i s s u e  and t h e - w e i g h t '  ■ 
o f  t h i s  uas s u b t r a c t e d  f ro m  t h e  o r i g i n a l  u e i g h t  o f  t i s s u e  
t a k e n .  The homogenate  uas t h e n  a d j u s t e d  so t h a t  1 ml c o n t a i n e d  
m a t e r i a l  f r o m  200 mg l i v e r ,  and an a l i q u o t  r e t a i n e d  f o r  a s s a y .
i i ) P r e p a r a t i o n  o f  f r a c t i o n s  f o r  l o a d i n g  o n to  th e  Z o n a l  r o t o r
P r e p a r a t i o n  o f  a * p o s t - l y s o s o m a l 1 f r a c t i o n  uas by 
c e n t r i f u g a t i o n  o f  t h e  homogenate a t  9 ,3 0 0  r e v / m i n  f o r  10 min 
a t  2 °  i n  an 8 x 50 ml r o t o r  on an MSE h ig h  speed 18 c e n t r i f u g e .  
The s u p e r n a t a n t  uas c a r e f u l l y  d e c a n te d  and l o a d e d  o n to  t h e  
Z o n a l  r o t o r .
M ic ro s o m a l  f r a c t i o n s  u e re  p r e p a r e d  f ro m  ' p o s t - l y s o s o m a l 1 
f r a c t i o n s  by c e n t r i f u g a t i o n  f o r  1 h a t  40,000 r e v / m i n  i n  t h e  ■
8 x 50 ml r o t o r  o f  an MSE su p e r  speed 65 c e n t r i f u g e ,  M ic rosom es 
f ro m  5 g o f  l i v e r  u e re  re su sp e n d e d  i n  25 ml 0.25M S u crose  
c o n t a i n i n g  5 mM T r i s  pH 7 .4  u i t h  a t  l e a s t  8 s t r o k e s  o f  t h e  
P o t t e r - E l v e h j e m  h o m o g e n is e r .
( l i i )  L e a d - t r e a t m e n t  o f  t h e  m ic ro s o m a l  f r a c t i o n
The re su s p e n d e d  m ic rosom es  u e re  s o n i c a t e d  i n  a c o o le d  
v e s s e l  f o r  15 sec a t  150 u a t t s  ( n o m i n a l )  u i t h  a 'S o n i p r o b e '
(Daue I n s t r u m e n t s  L t d ) .  No r i s e  i n  t e m p e r a t u r e  o f  t h e  s u s p e n s io n  
c o u ld  be d e t e c t e d  d u r i n g  t h e  s o n i c a t i o n .
3 , 3 ' - d i m e t h y l g l u t a r a t e  b u f f e r  pH 5 . 7  and P b(N0g)2  
s o l u t i o n s  u e re  t h e n  added t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f
0 .0 1 6  M f o r  t h e  DMG and b e tu e e n  0 .2 5  mM and 1 mM f o r  Pb^+ i n  . 
a t o t a l  vo lume o f - 60 m l .  A f t e r  i n c u b a t i o n  f o r  5 min a t  0 ° ,  
t h e  s u s p e n s io n  uas r e s o n i c a t e d  f o r  30 sec  and,  a f t e r  r e m o v a l  
o f  a 2 ml a l i q u o t  f o r  a s s a y ,  l o a d e d  o n to  a B -X IV  r o t o r .
I n  t h e  e a r l i e r  e x p e r i m e n t s  0.005M G6P uas i n c l u d e d  i n  t h e
r
medium and i n c u b a t i o n  uas f o r  15 min (see  R e s u l t s  s e c t i o n )
F. ZONAL CENTRIFUGATION
A lm o s t  a l l  t h e  z o n a l  c e n t r i f u g e  r u n s  d e s c r i b e d  i n  t h i s  
t h e s i s  u e re  p e r fo r m e d  u s in g  t h e  h ig h - s p e e d  B -X IV  t i t a n i u m  
and B—XU a lu m in iu m  r o t o r s  (see  t a b l e  1 . 1 )  s in c e  th e  A - X I I  
and HS r o t o r s  u e re  no‘t  n e a r l y  f a s t  enough t o  s e p a r a t e  t h e  
s m a l l  v e s i c l e s  o f  t h e  m i c r o s o m a l . f r a c t i o n . A l t h o u g h  
p i o n e e r i n g  u o r k  i n  o u r  g ro up  u t i l i s e d  t h e  t a l l e r  B—IU r o t o r  
( E l  Aaser  e t  a l .  1 9 6 6 a ) ,  t h e  B -X V  and B -X IV  r o t o r s  o f f e r e d  
s e v e r a l  a d v a n t a g e s .  These i n c l u d e d  t h e  a b o l i t i o n  o f  t h e  
h ig h  c a p a c i t y  o i l  and c o o l i n g  u a t e r  sys te m s  r e q u i r e d  by t h e  
u p p e r  s e a l  o f  t h e  B—IU r o t o r  and t h e  m i n im a l  a t t e n t i o n  t h a t  
had t o  be p a id  t o  t h e  r o t o r  u h i l e  ru n n in g . In  a d d i t i o n ,  t h e  
less-  t a l l  B-XV and B -X IV  r o t o r s  can f i t  s t a n d a r d  h i g h ­
speed c e n t r i f u g e s ,  u h e re a s  t h e  B— XU r e q u i r e s  m o d i f i c a t i o n s  
t o  t h e  c e n t r i f u g e  t o  accomodate  i t s  h e i g h t .  The i n c o r p o r a t i o n  
a re m o v a b le  s e a l ,  a g a in  f e a s i b l e  because o f  t h e  s h o r t , s q u a t  
shape o f  t h e  B— XU and B - X IU , . s i m p l i f i e s  o p e r a t i o n a l  p r o c e d u r e s
The h ig h - s p e e d  B - s e r i e s  r o t o r s ,  as opposed t o  t h e  s l o u e r  
A - X I I  and HS r o t o r s ,  u e re  p r e r e q u i s i t e  f o r  t h e  b u l k  o f  
s e p a r a t i o n s  t o  be c a r r i e d  o u t ,  namely  t h e  i s o p y c n i c  b a n d in g  
o f  m ic ro s o m a l  membranes. '
1.  P r e p a r a t i o n  and l o a d i n g  o f  g r a d i e n t  f o r  t h e  B - r o t o r s
The s u c ro s e  s o l u t i o n s  used i n  t h e  z o n a l  g r a d i e n t s  u e re  
p re p a r e d  f ro m  a 2M s t o c k  s o l u t i o n  and u e re  b u f f e r e d  a t  pH 7 .4  
o r  pH 8 .6  u i t h  SmM T r i s .  M gCl^ u a s o c c a s i o n a l l y  added t o  a 
f i n a l  c o n c e n t r a t i o n  o f  1 t o  5 mH. The r e f r a c t i v e  i n d i c e s  o f  
t h e s e  s o l u t i o n s  u e re  checked  on an Abba R e f r a c t o m e t e r
( B e l l i n g h a m  and S t a n l e y  L i m i t e d ,  London)  and a d j u s t e d  where 
n e c e s s a r y .
The g r a d i e n t s  used i n  t h i s  s t u d y  u e re  g e n e r a te d  w i t h  
a dev/ ice  s i m i l a r  t o  t h a t  o f  B i r n i e  and H arvey  (1 9 6 8 )
(see. i n  T i g .  2 . 1 2 A ) .  The a i r t i g h t  m i x i n g  v e s s e l ,  e q u ip p e d  
w i t h  m a g n e t i c  s t i r r e r ,  i n i t i a l l y  c o n t a i n s  low  d e n s i t y  s u c ro s e  
s o l u t i o n .  The r e s e r v o i r  c o n t a i n s  th e  d e n s e r  s o l u t i o n .
On o p e n in g  th e  ta p s  and commencing pum p ing ,  t h e  d e n s e r  s o l u t i o n  
f l o w s . i n t o  t h e  m i x i n g  v e s s e l  a t  th e  same r a t e  as t h e  g r a d i e n t  
i s  pumped o u t .  M a t h e m a t i c a l  a n a l y s i s  o f  t h i s  sys te m  shows 
t h a t : t
/=> = / ° o  + ( /V  -  P o  ) ( 1  -  e '^ o )
U h e r e ^ o i s  t h e  d e n s i t y  o f  t h e  s o l u t i o n  i n  t h e  m i x i n g  v e s s e l  
a f t e r  a vo lume V o f  t h e  g r a d i e n t  has been fo rm ed  y v  i s  th e  
i n i t i a l  d e n s i t y  o f  t h e  l i q u i d  i n  t h e  m i x i n g  v e s s e l ; / o r i s  t h e
in '
d e n s i t y  o f  t h e  l i q u i d / r e s e r v o i r  and V i s  t h e  i n i t i a l  vo lume 
o f  l i q u i d  i n  t h e  m i x i n g  v e s s e l .
Hence t h e  g r a d i e n t  g e n e r a te d  i s  e x p o n e n t i a l  i n  f o r m .
In  f a c t ,  a d o u b l e - e x p o n e n t i a l  g r a d i e n t  was most commonly u sed ,
t h i s  b e in g  p ro du ce d  by a d d in g  s e q u e n t i a l l y  two s e p a r a t e
s u c ro s e  s o l u t i o n s  f ro m  th e  r e s e r v o i r ,  t h e  second b e i n g - o f
g r e a t e r  d e n s i t y  th a n  t h e  f i r s t .  T h i s  g r a d i e n t ,  .shown i n
t a b l e  2 . 4 ,  o r i g i n i a l l y  d e s ig n e d  t o  g i v e  e f f e c t i v e  i s o p y c n i c
s e p a r a t i o n  o f  smooth and rou gh  m ic r o s o m a l  . membranes, was fo u n d
t o  be s u i t a b l e  f o r  n e a r l y  a l l  t h e  s e p a r a t i o n s  a t t e m p t e d . The
e x c e p t i o n s  were i n  e x p e r im e n t s  where t h e  d i s t r i b u t i o n  o f
RNase a c t i v i t y  i n  r i b o s o m a l  s u b u n i t s  was s t u d i e d .  In  t h e s e
cases a much s h a l l o w e r ,  g r a d i e n t ,  as d e s c r i b e d  by M u l l o c k  e t  a 1„ 
(1 9 7 1 )  was used .
TABLE 2 . 4
G r a d i e n t  used f o r  s u b f r a c t i o n a t i o n  
o f  1 p o s t - l y s o s o m a l 1 and m ic ro s o m a l  m a t e r i a l  
on t h e  B -X IV  and B-Xl I z o n a l  r o t o r s
B-XIV
volume
(m l )
B-XV
volume
(m l )
Sucrose
m o l a r i t y
Sucrose
d e n s i t y
0 °
The m i x i n g  v e s s e l  
i n i t i a l l y  c o n t a i n e d 78
To t h i s  were added 
s e q u e n t i a l l y  ( a )  139
200
C u sh io n
350
(b )  332 850
To f i l l  r o t o r
0 .3 0
0 .8 4
1 .4 2
2 . 0 0
1 .0 3 9
1 .1 1 5
1 .1 9 6
1 .2 6 5
TABLE 2 .5
C e n t r i f u g a l  c o n d i t i o n s  used f o r  
s u b f r a c t i o n a t i o n  o f  1 p o s t - l y s o s o m a l  * and 
m ic ro s o m a l  m a t e r i a l  on th e  B -X IV  and B-XV r o t o r s
R o t o r B-XV
L o a d in g  and
u n l o a d i n g  speed 2 ,5 0 0  r e v / m i n
O p e r a t i o n a l  speed 2 1 ,0 0 0 .  r e v / m i n  
g max 4 8 ,0 0 0  g
Time o f
c e n t r i f u g a t i o n
g max -  min
Type o f  
c e n t r i f u g e '
14 -  16 h
4 . 0  -  4 . 6  x 101
B-X IV
2 ,5 0 0  r e v / m i n  
4 7 ,0 0 0  r e v / m i n
1 6 5 ,0 00  g
2 -i -  4 h
2 .5  -  4 . 0  x 101
MSE Superspped 50 MSE Sup e rsp e e d  65
For t h e  m a j o r i t y  o f  r u n s ,  t h e  s e t - u p  shoun i n  F i g .  2 .12A 
uas used f o r  l o a d i n g  th e  g r a d i e n t  o n to  t h e  z o n a l  r o t o r .
The g r a d i e n t  uas pumped o u t  o f  t h e  m i x i n g  v e s s e l  u i t h  a Hughes 
S e r i e s  I I I  P i s t o n  Pump ( F . A .  Hughes and C o . L i m i t e d ,  Epsom, 
S u r r e y )  and t h r o u g h  a H i l g e r  and U a t t s  model 550 f l o u  
r e f r a c t o m e t e r  (no l o n g e r  a v a i l a b l e )  c o n n e c te d  t o  a r e c o r d e r .
The r e c o r d e r  uas c a l i b r a t e d  so t h a t  t o t a l  d e f l e c t i o n
c o r r e s p o n d e d  t o  0 .1  r e f r a c t i v e  i n d e x  u n i t s ,  t h e  l o u e r  l i m i t
index
b e in g  e q u i v a l e n t  t o  a r e f r a c t i v e ^ o f  1 .3 3 3  ( u a t e r )  and th e  h i g h e r  
t o  1 .433  ("^214 s u c r o s e ) .  P r i o r  t o  e n t e r i n g  t h e  r o t o r  t h e
g r a d i e n t  uas c o o le d  i n  a c o i l  immersed i n  i c e  and s a l t  and i t s  
t e m p e r a t u r e  measured u s in g  a th e r m o c o u p le  i n s e r t e d  i n  t h e  
f l o u - l i n e .  The t e m p e r a t u r e  a t  t h i s  p o i n t  uas m a i n t a i n e d  a t - .
2 -  4 ° .  Uhen th e '  g r a d i e n t  had been l o a d e d  a C u s h i o n 1 o f  
214 s u c r o s e  uas pumped i n  t o  f i l l  t h e  r o t o r .
The sam ple  uas lo a d e d  o n to  t h e  t o p  o f  t h e  g r a d i e n t  u s in g
a s y r i n g e .  Care had t o  be ta k e n  a t  t h i s  p o i n t  n o t  t o  cause
le a k a g e  a c r o s s  th e  r u l o n  s e a l  i n  t h e  to p  o f  t h e  r o t o r ,  a f a u l t
u h i c h  c o u ld  r e s u l t  i n  some, o r  even a l l ,  o f  t h e  sam p le  n o t
e n t e r i n g  t h e  r o t o r .  An ’ o v e r l a y 1 o f  0.0414 o r  0 .0 8  14 s u c r o s e
(50 ml f o r  t h e  B -X IV ,  150 ml f o r  t h e  B-XV) uas s u b s e q u e n t l y
added u i t h  t h e  s y r i n g e . .  T h i s  s e r v e d  t o  d i s p l a c e  th e  sam p le
• auay f ro m  th e  a re a  o f  h ig h  p e r t u r b a t i o n  n e a r  t h e  c o r e  o f  t h e
r o t o r .  The fe e d  -  head uas th e n  removed f ro m  t h e  r o t o r ,  t h e
c e n t r i f u g e  l i d  c l o s e d  and t h e  c e n t r i f u g e  a c c e l e r a t e d  t o  i t s
o p e r a t i o n a l  sp e ed .  D e t a i l s  o f  c e n t r i f u g a t i o n  c o n d i t i o n s  f o r
b o th  t h e  B-XV and B -X IV  r o t o r s ,  uhen used f o r  i s o p y c n i c
b a n d in g  o f  m ic ro so m e s ,  a re  summar ised  i n  T a b le  2 . 5 .  D u r i n g
o
c e n t r i f u g a t i o n ,  t e m p e r a t u r e  uas m a i n t a i n e d  a t  l e s s  t h a n  5 .
•2 . D i s p la c e m e n t  o f  g r a d i e n t
A f t e r  c e n t r i f u g a t i o n  a t  h ig h  speed ,  t h e  r o t o r  uas s l o u e d  
t o  2 ,5 0 0  r e v / m i n  and th e  fe e d  head p la c e d  on t h e  r o t o r .
The g r a d i e n t  uas d i s p l a c e d ,  l i g h t  end f i r s t ,  by 2(4 s u c ro s e  
pumped t o  t h e  o u t s i d e  o f  t h e  r o t o r .  The t e m p e r a t u r e  o f  t h e  
m a t e r i a l  e m e rg in g  f ro m  th e  r o t o r  uas m o n i t o r e d  u i t h  a 
th e r m o c o u p le  i n s e r t e d  i n , t h e  f l o u  l i n e  i m m e d i a t e l y  above 
th e  fe e d  head .  The t e m p e r a t u r e  th u s  r e c o r d e d  uas u s u a l l y  
12 -  1 4 ° ,  passage  t h r o u g h  t h e  s e a l  o f  th e  r o t o r  h a v in g  
caused a s i g n i f i c a n t  t e m p e r a t u r e  r i s e  d e s p i t e  t h e  f a c t  
t h a t  c o o l i n g  u a t e r  f l o u e d  t h r o u g h  t h i s  s e a l  t h r o u g h o u t  t h e  
u n l o a d i n g  p r o c e s s .  The d i s p l a c e d  c o n t e n t s  th e n  passed 
t h r o u g h  th e  r e f r a c t o m e t e r  r e f e r r e d  t o  above and a Unicam SP50D 
s p e c t r o p h o t o m e t e r  u h i c h  m o n i t o r e d  th e  a b s o rb a n c e  a t  280 nm.
In  e a r l i e r  e x p e r im e n t s  an SP800 s p e c t r o p h o t o m e t e r -  uas u sed .
A r e c o r d  o f  r e f r a c t i v e  i n d e x  and A280nm uas o b t a i n e d  by 
c o n n e c t i n g  t h e  r e f r a c t o m e t e r  and SP500 s p e c t r o p h o t o m e t e r ,  
th e  l a t t e r  v i a  a R i k a d e n k i  l o g a r i t h m i c  c o n v e r t e r ,  t o  a 
R i k a d e n k i  2 c h a n n e l -  r e c o r d e r  ( R i k a d e n k i  Kogyu L t d . ,  T o kyo ,  
Oapan).  The g r a d i e n t  uas th e n  c o l l e c t e d  e i t h e r  m a n u a l l y  
o r  i n  a f r a c t i o n  c o l l e c t o r .  An e v e n t  m a rke r  c o n n e c te d  t o  th e  
r e c o r d e r  e n a b le d  t h e  R . I .  and ^SOnm t o  be r e l a t e d  t o  f r a c t i o n  
number.  F r a c t i o n s  u e re  o f  40 ml f o r  t h e  B-XV ( g i v i n g  a b o u t  
40 f r a c t i o n s )  and 20 ml f o r  t h e  B -X IV  r o t o r  ( g i v i n g  a b o u t  
33 f r a c t i o n s ) .
3 . C o m p u ta t io n  o f  r e s u l t s
C a l c u l a t i o n  o f  a n a l y t i c a l  r e s u l t s  f ro m  z o n a l  f r a c t i o n s ,
i n c l u d i n g  r e c o v e r i e s  and p u r i f i c a t i o n s  and c o r r e c t i o n  f o r
s u c r o s e  i n h i b i t i o n  ( H in t o n  _et a_ l.19 6 9 ) ,  u e re  done u s i n g  t h e  
co m p u te r  p rog ram  u r i t t e n  by H in t o n  ( 1 9 7 1 ) .
rsyft*
Hilger^S Watts
£ to ^ dre frv c  Irornefcer ^  J! I  ohann  e lN reco rde r 
\
\  greidUent \ 
/  m aker N
ff.T." .
5 ^/ vi \
xIpL v*' \ /
th e rm o co u p le
V
lYKiQnc(riC . '
stirrer Hughes 
piSron 
pump 
Series HI
A . gradient
1— J
V_ ____7* s
B-xtV, rotor
( 2 ,5 0 0  f'&’S /m in )
v  ^  rfis placed
'  QJUC
( a s a b X e )  hherm0CouPle
re£rac\rom eterK ^  \JLrviccum SPSoo
o v e j  /  gpecho p h o t o m e t e r *  
i '  Ig. fi'H e d  w»H\ MeUma
-povvcetl
(fcsplcUytng 
5oUibicm
(2m suavse)
n m
&  R . x V ' i - '
8-XW 
rotor
(2^500 re v /m in )
6 . grqdi e^nJ:
U n io a o tc o g
Rikadenki 
logon WnmtC 
Converter 
model RL10
CfenbruX
Xgrvtb'ion
-fracHon
C ollecto r
F i g .  2 * 12A ^ - u p ^ u s e d  f o r  l o a d i n g  g r a d i e n t  o n to  t h e
F i g .  2 .12B  J e t - u p  used f o r  pumping o f f  g r a d i e n t  and 
s e p a r a te d  sam p le .
CHAPTER THREE ;
INTERFERENCE BY SUCROSE 
IN ENZYME ASSAYS
Sucrose was used as a se p ara to ry  medium throughout  
t h i s  study and i t  tuas ob v ious ly  im p o rta n t  t h a t  i t s  
e f f e c t  on the  enzymes assayed be known. Hinton* Burge 
and Hartman (1 969 )  showed t h a t  sucrose i n h i b i t e d  a 
number of  the  enzymes i n v e s t i g a t e d  in  t h i s  study namely,  
AMPase, G6Pase, a c id  phosphatase and ac id  and a l k a l i n e  
r ib o n u c le a s e .  T h e i r  i n h i b i t i o n  curves were used in  t h i s  
study, to  c o r r e c t  a c t i v i t i e s  when assays were c a r r i e d  out  
i n  the presence o f  sucrose. A s i m i l a r  i n h i b i t o r y  e f f e c t  
was observed f o r  L - le u c y 1 -^ -n a p h th y la m id a s e  ( f i g .  3 . 1 a )  
monoamine oxidase ( f i g .  3 .1 b )  and a c id  ( f i g .  3 . 2 a )  and 
a l k a l i n e  ( f i g .  3 .2 b )  phosphodiesterase .  As i n  the  case 
of the  enzymes s tud ied  by H in ton ,  Burge and Hartman,  
t h e r e  appeared to  be a l i n e a r  r e l a t i o n s h i p  between sucrose  
c o n c e n t ra t io n  and i n h i b i t i o n  f o r  these l a t t e r  fo u r  enzymes. 
L in e a r  re g re s s io n  a n a ly s is  was a p p l ie d  to  the  i n h i b i t i o n  
curves and l i n e s  w i th  the  f o l lo w i n g  equat ions  were o b ta in e d .
Enzyme Regression L ine  C o r r e l a t i o n
C o e f f i c i e n t
L - le u c y iy ^ -n a p h th y la m id a s e  ( l )  y = 9 7 .2  — 4 5 . 6x r  = 0 .9 8 8
(2 d e te r m in a t io n s )  ( 2 )  y = 9 8 .6  -  4 7 .3 x  r  = 0 .9 8 6
monoamine oxidase y = 9 9 . 4  -  7 1 . 3x r  = 0 .9 9 4
a c id  phosphodiesterase y = 9 8 .3  -  2 80l x  r  = 0 .9 8 3
a l k a l i n e  phosphodiesterase y = 9 9 .2  -  5 6 . l x  r  = 0 .9 8 8
Where y = enzyme a c t i v i t y  as percentage of  a c t i v i t y  in  
w ater
x = sucrose m o l a r i t y  in  in c u b a t io n  m ix tu re  
r  = c o r r e l a t i o n  c o e f f i c i e n t  
These equat ions  were used to  c o r r e c t  f o r  the i n h i b i t i o n .
The presence o f  sucrose had no i n h i b i t o r y  e f f e c t  on 
the  chromogenic step o f  the  LNA assay; r a t h e r ,  th e r e  
was a s l i g h t  in c re a s e  in  the co lo u r  developed when 
^ - n a p h t h y l a m i n e  standards were in  sucrose s o lu t io n s  as 
: opposed to  w qter .  Th is  was found to  be because the  
sucrose used conta ined  m a t e r ia l  t h a t  reac ted  l i k e  
^ - n a p h t h y l a m i n e  to  the e x te n t  t h a t  a sample of 1 jfl sucrose  
produced a smal l  though s i g n i f i c a n t  absorbance of 0 .0 1 5  
on the  Auto Analyser  m a n i fo ld ,  e q u iv a le n t  to  0 .5 / /g /m l  
/^ -n a p h th y la m in e .  C o r re c t io n s  were made to  a l lo w  f o r  t h i s
n a p h t h y la m in e 'm a t e r ia l .
F i g s .  3 . 1 a  and b .  S u c ro s e  i n h i b i t i o n  c u r v e s  f o r
( a )  L - l e u c y l y ^ - n a p h t h y 1 a m ib a se  (2  d e t e r m i n a t i o n s )  
and ( b )  monoamine o x i d a s e .  The t i s s u e s  used  f o r  
t h e s e  d e t e r m i n a t i o n s  a r e  i n d i c a t e d  on t h e  g r a p h s .
F i g s .  3 . 2 a  and b .  S u c ro s e  i n h i b i t i o n  c u r v e s  f o r  
( a )  a c i d  p h o s p h o d i e s t e r a s e  and ( b )  a l k a l i n e  
p h o s p h o d i e s t e r a s e .  The t i s s u e s  used  f o r  t h e s e  
d e t e r m i n a t i o n s  a r e  i n d i c a t e d  on t h e  g r a p h s .
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CHAPTER FOUR:
ZONAL CENTRIFUGATION OF HEPATIC
MICROSOMAL MATERIAL IN THE ABSENCE 
OF METAL IONS.
As d e s c r i b e d  i n  t h e  i n t r o d u c t i o n ,  E l  Aaser  e t^ a l .  (1 9 6 6 a )  
u e re  a b le  t o  s e p a r a t e  smooth  and ro u gh  m ic ro s o m a l  membranes by 
i s o p y c n i c  c e n t r i f u g a t i o n  o f  a l i v e r  p o s t - l y s o s o m a l  f r a c t i o n  i n  
a B - IV  z o n a l  r o t o r .  Uhen t h e  l a b o r a t o r y  a c q u i r e d '  t h e  
e r g o n o m i c a l l y  more a c c e p t a b l e  B-XV r o t o r ,  one o f  th e .  p r i m a r y  
o b j e c t i v e s  uas t o  r e p e a t  t h i s  s e p a r a t i o n  i n  t h e  B-XV and 
f u r t h e r  s t u d y  th e  e n zym o logy  o f  t h e  m ic ro s o m a l  e le m e n t s ,  
p a r t i c u l a r l y  t h e  p .m .  v e s i c l e s .
P i l o t  e x p e r i m e n t s  by H in t o n  ( 1 9 7 0 )  had' shoun t h a t  
o v e r n i g h t  ( I 6 h )  c e n t r i f u g a t i o n  i n  t h e  B-XV r o t o r  a t  2 1 ,0 0 0  
r e v / m i n  uas s u f f i c i e n t  t o  e n s u re  i s o p y c n i c  b a n d in g  o f  t h e  
m ic ro s o m a l  membranes. These c o n d i t i o n s  u e re  a p p l i e d  t o  t h e  
ru n  shoun i n  F i g . 4 . T ,  i n  u h i c h  t h e  s u c r o s e  g r a d i e n t  uas 
b u f f e r e d  a t  p H 7 .4 .  T h re e  d i s t i n c t  peaks  a re  a p p a r e n t .
A t  d e n s i t i e s  l o u e r  t h a n  '1 .10  t h e r e  i s  an a re a  u h i c h  c o n t a i n s  
most (64%) o f  t h e  r e c o v e r e d  p r o t e i n  t o g e t h e r  u i t h  some AMPase 
a c t i v i t y  (12%) and RNA ( 1 6 ^ ) .  T h i s  ’ l i g h t * ,  r e g i o n  c o r r e s p o n d s  
t o  t h e  s o l u b l e  f r a c t i o n  o f  c l a s s i c a l  d i f f e r e n t i a l  c e n t r i f u g a t i o n .
A t  d e n s i t i e s  b e tu e e n  1 .1 0  and 1 . 1 0 ,  t h e  ’ c e n t r a l  r e g i o n ’ , 
t h e  g r e a t e r  p a r t  o f  t h e  AMPase (70?o) and G6Pase (72/6) a c t i v i t i e s  
a re  r e c o v e r e d ,  t h e  r e g i o n  c o n s i s t i n g  o f  smooth  m ic r o s o m a l  v e s i c l e s
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F ig  4 . 1 .  P a t t e r n  o b t a in e d  a f t e r  c e n t r i f u g a t i o n  o f  r a t  l i v e r  
p o s t - l y s o s o m a l  f r a c t i o n ,  e q u i v a l e n t  t o  8 .8 g  u h o le  l i v e r ,  i n  a 
B-Xl/ r o t o r  f o r - 1 6 h  a t  21 , 000 r e v / m i n .  The g r a d i e n t  was b u f f e r e d  
w i t h  5rnN T r i s  pH704» ,
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F ig  4 . 2 .  P a t t e r n  o b t a in e d  a f t e r  c e n t r i f u g a t i o n  o f  a r a t  l i v e r  
p o s t - l y s o s o m a l  f r a c t i o n ,  e q u i v a l e n t  t o  6 .6 g  w ho le  l i v e r ,  i n  a 
'B-XV ' r o t o r  f o r  16h a t  21 , 000 r e y / r n i n .  The g r a d i e n t  uas b u f f e r e d  
w i t h  5mH T r i s  pi I 8 . 6 .
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Fig 4.3 Pattern obtained--after centrifugation of a rat liver 
post-lysosomal fraction, equivalent to 5g whole liver, in a 
8-XIl/ rotor for 4h at 47. .UO rev/min. The gradient was buffered 
uith 5mPI Tris pH8 .6
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Fig 4,4. Pattern obtained after centrifugation of a-rat liver 
microsomal fraction equivalent to 5g uhole liver in a B-XIU rotor 
for 4h at 47,000 rev/min. The microsomal pellet uas resuspended 
in 1 , 8Fl Sucrose and loaded between the end of the gradient and the 
2H sucrose cushion. The gradient ..was buffered with SmH Tris pH 7.4
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Fig 4.5. as Fig 4.4. except that centrifugation uas for only 
90 min. at 47,000 rev/min.
'The RNA i n  t h i s  r e g i o n  c o u ld  d e r i v e  f ro m  any o f  t h r e e  s o u r c e s ,  
v i z . .  c o n t a m i n a t i n g  ro u g h  e . r . ,  smooth  membrane RNA o r  f r e e  
r i b o s o m e s .  A l a t e r  r u n ,  i n  w h ic h  m ic rosom es  were  f l o a t e d  f ro m  
th e  heavy  end o f  t h e  g r a d i e n t  (see  b e l o u ) ,  showed t h e  m a j o r i t y  
t o  be . a s s o c i a t e d  w i t h  f r e e  r i b o s o m e s .  The peak o f  b o th  AMPase 
and G6Pase o c c u r s  a t = 1 . 1 5 0 .  Th e re  i s  l i t t l e  s e p a r a t i o n  
o f  t h e s e  two a c t i v i t i e s  u n d e r  t h e s e  c o n d i t i o n s .
Above^c>=1 .1 8, t h e r e  i s  c o n s i d e r a b l e  G6Pase a c t i v i t y  and 
t h e  b u l k  o f  t h e  RNA w i t h  a peak a t^ o  = 1 .2 3 4 .  T h i s  a re a  th u s  
c o n t a i n s  t h e  ro u gh  e . r .  The s m a l l  peak o f -AMPase a c t i v i t y  
a p p e a rs  t o  be a g r a d i e n t  a r t e f a c t ,  t h i s  b e in g  on a s t e e p l y  
r i s i n g  p a r t  o f  t h e  g r a d i e n t .
In  a s u b s e q u e n t  ru n  t h e  g r a d i e n t  was b u f f e r e d  a t  pH 8 .6  
( F i g  4 . 2 . ) .  E . r .  v e s i c l e s  f ro m  E h r l i c h  a s c i t e s  carrinom a ‘ c e l l s  
have been r e p o r t e d  t o  s h r i n k  and hence become d e n s e r  a t  t h i s  pH 
(Kamat and U a l l a c h  1 9 6 5 ) .  The r e s u l t i n g  s e p a r a t i o n  was v e r y  
s i m i l a r  t o  t h o s e  o b t a i n e d  a t  p H 7 .4 .  Th e re  was a s l i g h t  s h i f t  
i n  G6Pase a c t i v i t y  t o  a h i g h e r  mean d e n s i t y ,. 61% b e in g  r e c o v e r e d  
i n  t h e  c e n t r a l  r e g i o n  as a g a i n s t  72% i n  t h e  p r e v i o u s  r u n s  w h i l e  
AMPase d i s t r i b u t i o n  was u n a f f e c t e d  (73% i n  c e n t r a l  r e g i o n  
compared t o  70% a t  pH 7 . 4 . ) .  Lysosom a l  c o n t a m i n a t i o n  o f  t h e  
microsom'es was assessed  u s in g  a c i d ^ 3  - g l y c e r o p h o s p h a t a s e  as 
a m a rk e r ,  t h e  d i s t r i b u t i o n  o f  w h ic h  shows ly so so m e s  t o  be p r e s e n t  
t h r o u g h o u t  t h e  g r a d i e n t ,  a l t h o u g h  i n  s m a l l  amounts  as o n l y  20% 
o f  t h e  homogenate a c t i v i t y  o f  t h i s  enzyme was r e c o v e r e d  i n  t h e  
p o s t - l y s o s o m a l  s u p e r n a t a n t .  L - l e u c y l - ^ 5 -  n a p h t h y l a m id a s e  has 
been p r o p o s e d  as a m a rke r  f o r  p .m.  ( B e n e d e t t i  and Emmelo t 1968)  ■- 
and i t s . d i s t r i b u t i o n  unde r  t h e s e  c o n d i t i o n s  was in d e e d  s i m i l a r
^ to  t h a t  o f  AMPase. H ou e ve r ,  d i f f e r e n c e s  were o b s e rv e d  i n  t h a t
LNA had a h ig h  s o l u b l e  a c t i v i t y  and a s l i g h t  e xce ss  o v e r  
AMPase a t  t h e  end o f  t h e  g r a d i e n t .  Thus 60% o f  t h e  r e c o v e r e d
LNA a c t i v i t y  uas fo u n d  b e l o i y 3 = 1 .1 0  as compared t o  a f i g u r e  
o f  15% f o r  AMPase. Of t h e  t r u e  m ic ro s o m a l  LNA a c t i v i t y  
( d e f i n e d  h e re  as h a v in g  an i s o p y c n i c  d e n s i t y  g r e a t e r  t h a n  1 . 1 0 ) .  
76% uas fo u n d  be tueenyo  ~ 1 .1 0  -anc^o=1..18 and 24% above = 1 . 1 8 .
The e q u i v a l e n t  f i g u r e s  f o r  AMPase u e r e  87% and 13%. F u r t h e r  u o r k  
on t h e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  LNA i s  r e p o r t e d  l a t e r .
F u r t h e r  enzyme p a t t e r n s  u e re  s t u d i e d  i n  a r u n  c a r r i e d  o u t  
i n  a B - IV  r o t o r ,  i n  u h i c h  m ic ro s o m a l  membranes r e q u i r e d  o n l y  
4h c e n t r i f u g a t i o n  a t . 4 7 ,0 0 0  r e v / m i n  t o  r e a c h  e q u i l i b r i u m  
( F i g  4 . 3 ) .  A c id  and a l k a l i n e  RNase u e r e  fo u n d  t o  have 
c o n s i d e r a b l e  m ic ro s o m a l  a c t i v i t y  a l t h o u g h  t h e  r e s u l t s  f o r  
a l k a l i n e  RNase on t h i s  ru n  s h o u ld  be t r e a t e d  q u a l i t a t i v e l y  
as t h e  a ssay  uas c a r r i e d  o u t  u i t h  0.5mg RNA s u b s t r a t e  / m l , a t  
u h i c h  c o n c e n t r a t i o n  t h e  l i n e a r i t y  o f  t h e  assay  had t a i l e d  o f f  
a t  h i g h  enzyme l e v e l s .  The re  uas c e r t a i n l y  h i p h e r  a l k a l i n e  th a n  
a c i d  a c t i v i t y  i n  a l l  r e g i o n s  o f  t h e  g r a d i e n t ,  t h e  r a t io  pH8 
a c t i v i t y / p . N  5 .6  a c t i v i t y  b e in g  3 . 7  b e lo u v o ~ 1 . 1 0 ,  2 . 2  b e tu e e n
/ o = 1 . 1 0  and y ^  = 1 .1 8  and 1V9 \  aboveyO = 1 . 1 8 .  A c id  RNase a c t i v i t y  
d i s t r i b u t e d  i t s e l £  t h r o u g h o u t  t h e  g r a d i e n t ,  t h e  l a r g e s t  
p r o p o r t i o n  (45%) b e in g  above = 1 . 1 8 .  36% o f  t h e  r e c o v e r e d
u i l l  be made, e x c e p t  t o  say t h a t  t h e  a c t i v i t y  d i s t r i b u t e d  i t s e l f  
e q u a l l y  b e tu e en  t h e  t h r e e  r e g i o n s  (30-35% r e c o v e r e d  i n  each r e g i o n  
P h o s p h o d ie s t e r a s e  a c t i v i t y  uas assayed  a t  pH 8 .8  and pH 5 .6  b o t h '
a c t i v i t y  uas fo u n d  i n  t h e  c e n t r a l  r e g i o n  '  -
For  t h e  re a s o n  m e n t io n e d  above ,  no comments on a l k a l i n e  RNase
2 +- u i t h  5mM Mg and 5mM EDTA i n  t h e  assay  medium. As u i t h  RNase,
th e  m ic ro s o m a l  p h o s p h o d ie s t e r a s e  a c t i v i t y  was h ig h  w i t h  a b o u t  
40% o f  each o f  pH 5 .6  and pH 8 .8  homogenate a c t i v i t i e s  b e in g  
r e c o v e r e d  i n  t h e  -’ p o s t - l y s o s o m a l ’ s u p e r n a t a n t .  Houever  90%
u i t h  th e  a l k a l i n e  a c t i v i t y  much more a f f e c t e d  th a n  th e  a c i d ,
t h e r e  b e in g  a 4 . 8 - f o l d  s t i m u l a t i o n  o f  a l k a l i n e  a c t i v i t y .
The e q u i v a l e n t  f i g u r e  f o r  a c i d  a c t i v i t y  uas 2 . 0 - f o l d .  B o th
a c t i v i t i e s  u e re  d i s t r i b u t e d  t h r o u g h o u t  t h e  m ic ro s o m a l  r e g i o n .
T h e re  u a s a  s l i g h t  s e p a r a t i o n  o f  t h e  t u o  a c t i v i t i e s  i n  t h a t
a l k a l i n e  p h o s p h o d ie s t e r a s e  uas fo u n d  p r e d o m i n a n t l y  i n  t h e
c e n t r a l  r e g i o n  (55% o f  t h e  t o t a l  a c t i v i t y  r e c o v e r e d  a t  a,
d e n s i t y  g r e a t e r  t h a n  1 . 1 0 )  u h e re a s  t h e r e  uas a s l i g h t l y
l a r g e r  p r o p o r t i o n  o f  t h e  r e c o v e r e d  a c i d  a c t i v i t y  (53%) i n
t h e  ’ heavy*  r e g i o n  j p  > 1 . 1 8 ) .  The r a t i o  o f  a l k a l i n e  t o  a c i d
2 +
p h o s p h o d ie s t e r a s e  a c t i v i t y  ( i n  t h e  p re s e n c e  o f  Mg i o n s )  f o r  
t h e  t h r e e  r e g i o n s  o f  t h e  g r a d i e n t  uas 0 .2  be louyO  = 1 . 1 0 ,  1 .7  
b e t u e e n ^  = 1 .1 0  and 1 .1 8  and 1 .4  a t ^ o ^ l . 1 8 .  These r a t i o s  
f o r  t h e  ’ c e n t r a l *  and * h e a v y ’ r e g i o n s  a re  s i m i l a r  t o  t h e
if
e q u i v a l e n t  f i g u r e s  f o r  a l k a l i n e  and a c i d  RNase (see  a b o v e ) .
D e s p i t e  t h e i r  f u r n i s h i n g  u s e f u l  i n f o r m a t i o n  on th e  
d i s t r i b u t i o n  o f  m ic ro s o m a l  enzyme a c t i v i t i e s ,  t h e s e  e x p e r i m e n t a l  
c o n d i t i o n s  u e re  n o t  y i e l d i n g  a s e p a r a t i o n  o f  p .m .  v e s i c l e s  
(as  ju d g e d  by G6Pase a c t i v i t y ) .  S in c e  t h i s  uas t h e  p r im e  
o b j e c t i v e  o f  t h e  s t u d y ,  a change i n  c o n d i t i o n s  uas r e q u i r e d .
o f  t h e  p o s t - l y s o s o m a l  a c i d  a c t i v i t y  uas s o l u b l e  ^ < . 1 . 1 0 )
compared t o  h a l f  o f  t h e  a l k a l i n e  a c t i v i t y  (a ssa ye d  i n  t h e  
2 +  \p re s e n c e  on Mg ) .  Of t h e  t r u e  m ic ro s o m a l  a c t i v i t y
2 +b o th  a c i d  and a l k a l i n e  a c t i v i t y  u e re  s t i m u l a t e d  by Mg i o n s ,
A d e p a r t u r e  f ro m  th e  o r t h o d o x  modus o p e r a n d i  o f  t h e  B - IV  
r o t o r  uas made uhen m ic rosom es f ro m  5g l i v e r  u e re  re s u s p e n d e d  i n
1.BM s u c r o s e  and lo a d e d  o n to  t h e  r o t o r  b e tu e e n  t h e  heavy  end 
o f  t h e  g r a d i e n t  and th e  2M s u c ro s e  c u s h i o n .  S u b seq u e n t  
c e n t r i f u g a t i o n  f o r  4h a t  4 7 ,0 0 0  r e v / m i n  led--  t o  t h e  d i s t r i b u t i o n  
shoun i n  F ig  4 , 4 .  A 'ga in ,  l i t t l e  s e p a r a t i o n  o f  AMPase f ro m  
G6Pase a c t i v i t y  uas a c h ie v e d  and t h e  o v e r a l l  d i s t r i b u t i o n  o f  
th e s e  t u o  enzymes uas s i m i l a r  t o  t h a t  a c h /e v e d  u n d e r  s e d i m e n t a t i o n  
r a t h e r  t h a n  f l o t a t i o n ,  c o n d i t i o n s .  76$ o f  AMPase and 3 5 $ ' o f '
G6Pase uas r e c o v e r e d  i n  t h e  c e n t r a l  r e g i o n .  As an a l t e r n a t i v e  
m a rke r  f o r  t h e  e . r . ,  c y to c h ro m e  b^ uas assayed  o n ' t h i s ~ r u n .
T h i s  enzyme uas fo u n d  t o  be p r e d o m in a n t l y  a s s o c i a t e d  u i t h  smooth  
e . r . , 7 2 $  o f  t h e  r e c o v e r e d  a c t i v i t y  b e in g  i n  t h e  c e n t r a l  
r e g i o n .  RNA assays  shoued a s i n g l e  peak a t ' ^ o  = 1 .2 1 9  u i t h  a 
s h o u l d e r  e x t e n d i n g  back t o  th e  c e n t r a l  r e g i o n .  86$ o f  t h e  RNA 
uas fo u n d  a t  a d e n s i t y  g r e a t e r  t h a n  1 .1 8
The above t e c h n i q u e  o f  l b a d i n g  t h e  samp le  o n to  t h e  heavy  
end o f  t h e  g r a d i e n t  uas c o n s id e r e d  i d e a l  f o r #t h e  s t u d y  o f  t h e  
c o n t r o v e r s i a l  smooth  membrane RNA, s i n c e  th e  c e n t r a l  r e g i o n  i s  
n o t  c o n t a m in a t e d  by s e d im e n t i n g  r i b o s o m e s .  H o u e ve r ,  t h i s  i d e a  
was n o t  p u rs u e d  i n  t h i s  s t u d y .
tr
A f u r t h e r  f l o t a t i o n  ru n  uas c a r r i e d  o u t  u s in g  a s h o r t e r  
c e n t r i f u g a t i o n  t i m e ,  90 m i n u t e s .  In  t h i s  case i s o p y c n i c  
c o n d i t i o n s  had n o t  been re a c h e d .  The r e s u l t s  o f  t h i s  r u n  a re  
shoun i n  F ig  4 . 5 .  T h i s  shous t h e r e  t o  be some s e p a r a t i o n  o f  
AMPase f ro m  G6Pase a c t i v i t y  as a consequence  o f  t h e  s l i g h t l y  
h i g h e r  f l o t a t i o n  r a t e  o f  t h e  AMPase -  c o n t a i n i n g  v e s i c l e s .
N e v e r t h e l e s s  t h e  maximum p .m .  p u r i f i c a t i o n ,  as j u d g e d  by 
AMPase a c t i v i t y  uas o n l y  3 . 9 ~ f o l d  u i t h  r e s p e c t  t o  t h e  
hom ogenate ,  t h i s  b e in g  b e tu e e n  &  ~ 1 , 1 3  and 1 . 1 6 .
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ZONAL CENTRirUGATIGi:! IN THE 
PRESENCE OF HAGNES1-UN IONS
A t t e m p t s  t o  p u r i f y  m ic ro s o m a l  p .m. f r a g m e n t s  i n  t h e  
B — I \ /  z o n a l  r o t o r  by E l  Aaser  ej: aJ .  (1 9 6 6 a )  and F i t z s i m o n s  
(1 9 6 9 )  i n c l u d e d  t h e  use o f  Fig*' i o n s  i n  t h e  g r a d i e n t .  The 
r e s u l t s  o f  t h e s e  e x p e r im e n t s  a re  d e s c r i b e d  i n  t h e  i n t r o d u c t i o n .  
S u f f i c e  i t  t o  say h e re  t h a t  s e v e r a l  h o m o g e n is a t i o n  and 
c e n t r i f u g a l  c o n d i t i o n s  u e re  t r i e d ,  b u t  t h e  maximum p u r i f i c a t i o n  
o f  p .m .  f r a g m e n t s  a c h ie v e d ,  as ju d g e d  by AFlPase a c t i v i t y ,  uas 
o n l y  4 - f o l d  u i t h  r e s p e c t  t o  t h e  homogenate .  Some o f  t h e  
p o s s i b l e  r e a s o n s  f o r  t h i s  lo w  p u r i f i c a t i o n  a re  a l s o  c o n s id e r e d  
i n  t h e  i n t r o d u c t i o n .  I t  i s  p e r t i n e n t  t o  r e l i s t  t h e s e  h e r e ,  
t o g e t h e r  u i t h  some a d d i t i o n s
( i )  e n d o p la s m ic  r e t i c u l u m  c o n t a m i n a t i o n
( i i )  m i t o c h o n d r i a l  o r  o u t e r  m i t o c h o n d r i a l  membrane 
c o n t a m i n a t i o n .
( i i i )  ly soso m e  o r  l y s o s o m a l  membrane c o n t a m i n a t i o n  
( t h e s e  tu o  a re  u n l i k e l y  t o  a c c o u n t  f o r  a 
s u b s t a n t i a l  amount o f  p r o t e i n )
( i v )  f e r r i t i n  g r a n u l e s  ( a g a i n ,  u n l i k e l y  t o  a c c o u n t  
f o r  much p r o t e i n )
£f
( v )  g o l g i  a p p a r a t u s  c o n t a m i n a t i o n
( v i )  a d so rb e d  a n d / o r  t r a p p e d  s o l u b l e  p r o t e i n .
( v i i )  Th e re  i s  t h e  p o s s i b i l i t y  t h a t  c o n t a m i n a t i o n  i s  
n o t  t h e  cause o f  t h e  l o u  p u r i f i c a t i o n .
I t  i s  c o n c e i v a b l e  t h a t  t h e r e  i s  a p a u c i t y  o f  
AFlPase a c t i v i t y  i n  t h o s e  p a r t s  o f  t h e  p .m . 
u h i c h  t e n d  to  v e s i c u l a t e  on h o m o g e n is a t i o n
and hence s e d im e n t  u i t h  t h e  m ic ro s o m a l  
f r a c t i o n ,  as compared t o  t h e  s h e e ts  u h i c h  
s e d im e n t  u i t h  t h e  n u c l e a r  f r a c t i o n .
The e x p e r i m e n t s  b e lo u  c o n s i s t e d  o f  f u r t h e r  a t t e m p t s  
t o  im p ro v e  t h e  p u r i t y  o f  p .m. f r a g m e n t s  i s o l a t e d  f ro m  th e  
1 p o s t - l y s o s o m a l 1 s u p e r n a t a n t  by z o n a l  c e n t r i f u g a t i o n  i n  
t h e  p re s e n c e  o f  Pig * i o n s ;  C e n t r i f u g a t i o n  i n  a l l  cases  
uas i n  t h e  B—XU r o t o r  o v e r n i g h t  ( I 6h)  a t  2 1 ,0 0 0  r e v / m i n .  
A t t e n t i o n  uas f o c u s e d  on t h e  p o s s i b l e  re a s o n s  f o r  t h e  l o u  
p u r i f i c a t i o n  as c a t a l o g u e d  a b o ve .  •
D i s c u s s i o n  o f  t h i s  s e r i e s  o f  e x p e r i m e n t s  i s  d i v i d e d
i n t o  3 s e c t i o n s : -  ( i )  t h e  e f f e c t  o f  changes i n .  c e n t r i f u g a l
c o n d i t i o n s  and p e r f u s i o n  o f  t h e  l i v e r  on t h e  d i s t r i b u t i o n  
6
o f  APlPase, G6Pase, RNA and p r o t e i n  and p u r i t y  o f  p .m .  
v e s i c l e s ,  ( i i )  a t t e m p t s  t o  remove a d s o rb e d  and t r a p p e d  
s o l u b l e  p r o t e i n  f ro m  t h e  p a r t i a l l y - p u r i f i e d  p .m . v e s i c l e s ,
( i i i )  t h e  d i s t r i b u t i o n s  o f  o t h e r  p a r a m e t e r s .  '
( i )  The e f f e c t  o f  changes i n  c e n t r i f u g a l  c o n d i t i o n s  and 
p e r f u s i o n  o f  t h e  l i v e r  on d i s t r i b u t i o n s  o b t a i n e d .
The e a r l i e r  R e p a r a t i o n s  by E l  Aaser  e t  a l .  ( 1 9 6 6 a )  
and F i t z s i m o n s  (1 9 6 9 )  u e re  a c h ie v e d  u s in g  th e  B — IU z o n a l  
r o t o r .  B a s i c a l l y  s i m i l a r  p a t t e r n s  u e re  o b s e rv e d  i n  t h i s  
s t u d y  uhen 1 p o s t - l y s o s o m a l 1 m a t e r i a l  uas c e n t r i f u g e d  
( l 6h, 2 1 ,0 0 0  r e v / m i n )  i n  a B-XV r o t o r  u n d e r  s i m i l a r  
c o n d i t i o n s  v i z : c e n t r i f u g a t i o n  i n  a s u c r o s e  g r a d i e n t
O
c o n t a i n i n g  5mf] Fig *  and b u f f e r e d  u i t h  5mPI T r i s  p H 7 .4 .
One such ru n  i s  i l l u s t r a t e d  i n  F i g ,  5 . 1  and a v e ra g e d  d a ta
F ig *  5
-
M
-frOcRon no •
d-5
10 2o 
-fnach’on n o .
.1 P a t t e r n  o b ta in e d  a f t e r  c e n t r i f u g a t i o n  i n  a 
B-XV r o t o r  o v e r n ig h t  ( l 6 h) a t  2 1 ,0 0 0  r e v / m i n  
o f  a p o s t - ly s o s o m a l  s u p e r n a t a n t .
The s u c r o s e  g r a d i e n t  c o n t a i n e d  5mF! f ]q2+ and 
uas b u f f e r e d  u i t h  5mFI T r i s  pH 7 . 4 .
f o r  a l l  r u n s  i s  shoun i n  t a b l e  5 . 1 ( a ) .  Fo r  d i s c u s s i o n  
p u r p o s e s ,  t h e  g r a d i e n t  can be d i v i d e d  i n t o  f o u r  r e g i o n s  
(see  t a b l e  5 . 1 ) .  The l a r g e  peak o f  p r o t e i n  a t  t h e  l e f t  
hand s i d e  o f  t h e  f i g u r e  i s  d u e . t o  m a t e r i a l  u h i c h  has n o t  
moved s i g n i f i c a n t l y  f ro m  th e  sample  z o n e .  A l l  enzyme 
a c t i v i t i e s  a t  d e n s i t i e s  b e lo u  1.10  a re  assumed t o  be due 
t o  s p r e a d i n g  f ro m  t h i s  1 s o l u b l e 1 zone .  The most  i n t e r e s t i n g  
r e g i o n  i s  t h a t  be tueenyO= 1 .1 0  and 1 .1 4  ( t h e  Tc e n t r a l  l f 
r e g i o n ) .  I n  t h i s  r e g i o n  t h e r e  i s  c o n s i d e r a b l e  AFlPase
a c t i v i t y  u i t h  l i t t l e  G6Pase and p r o t e i n .  I t  i s  h e re  t h a t
t h e  h i g h e s t  r e l a t i v e  s p e c i f i c  a c t i v i t y  f o r  AFlPase i s  o b s e r v e d ,  
a v e r a g i n g  4 . 3  f o r  t h e  4 r u n s  c a r r i e d  o u t  u n d e r  t h e s e  
c o n d i t i o n s .  In  t h e  e a r l y  p a r t  of .  t h i s  r e g i o n  (yp=1.10 ■- 1 . 1 2 ) ,  
G6Pase a c t i v i t y  uas p r a c t i c a l l y  u n d e t e c t a b l e ,  b u t  AFlPase uas 
l o u .  Be tueen  p  = 1 .1 2  & 1 .1 4  t h e r e  i s  h i g h  AFlPase a c t i v i t y ,  
b u t  h e re  e . r .  c o n t a m i n a t i o n ,  as ju d g e d  by G6Pase a c t i v i t y ,
b e g in s  t o  become s u b s t a n t i a l .  Be tueen  p  -  1 . 1 4  and 1 .1 6
( t h e  Tc e n t r a l  2 1 r e g i o n  i n  t a b l e  5 . 1 . ) ,  b o th  AFlPase and 
G6Pase a c t i v i t i e s  r i s e  s u b s t a n t i a l l y  u i t h  l i f c t l e  e n r i c h m e n t  
( l . 4 - f o l d  u i t h  r e s p e c t  t o  t h e  hom ogenate )  o b s e rv e d  f o r  AFlPase. 
A t  d e n s i t i e s  g r e a t e r  th a n  1 . 1 6 ,  t h e  g r e a t e s t  p a r t  o f  AFlPase, 
G6Pase, RNA and m ic ro s o m a l  p r o t e i n  (a s  d i s t i n c t  f r o m  s o l u b l e  
p r o t e i n )  u e re  r e c o v e r e d .  The enzymes, RNA and p r o t e i n  a l l  
band t o g e t h e r  i n  a l a r g e  peak b e t u e e n y p  = 1 .1 7  and 1 . 2 1 ,
Tuo l o u e r  Flg^+i o n  c o n c e n t r a t i o n s  (2 .5mf l  and lm f l )  u e re  
t r i e d  i n  t h e  s u c ro s e  g r a d i e n t .  The r e s u l t s  f o r  t h e  r u n s
2*  ^ v
i n  t h e  p re s e n c e  o f  2.5mFl Mg a re  shoun i n  t a b l e  5 .1  ( b ) .
Bo th  AFlPase and G6Pase, and RNA and p r o t e i n  shou a s h i f t  
t o  a h i g h e r  mean d e n s i t y  u h i c h  i s  somewhat c o n t r a r y  t o
e x p e c t a t i o n s ,  s i n c e  i n  t h e  absence  o f  Fig""’1’ a l a r g e
p r o p o r t i o n  o f  b o th  AFlPase and G6Pa.se a c t i v i t i e s  a re
r e c o v e r e d  i n  t h e  c e n t r a l  r e g i o n  (see  c h a p t e r  4 ) .  T h i s
uas n o t  i n v e s t i g a t e d  f u r t h e r .  On ly  one ru n  uas c a r r i e d
o u t  u i t h  Imfl Flg^+ , t h i s  p r o d u c i n g  a s i m i l a r  p a t t e r n  t o
2+t h a t  o b s e rv e d  i n  t h e  p re s e n c e  o f  2.5m(vl Mg" . T h e re  uas
no im p ro v e m e n t  i n  t h e  p u r i t y  o f  t h e  p .m .  f r a g m e n t s  i n
t h e  1 c e n t r a l  l f r e g i o n  u i t h  2.5mFl o r  Imfi Flg^*1" as compared
2 +t o  t h e  r u n s  c a r r i e d  o u t  u i t h  5mfT Mg i o n s  i n  t h e  g r a d i e n t .
As i t  uas t h o u g h t  p o s s i b l e  t h a t  some o f  t h e  " e x c e s s "  
p r o t e i n  i n  t h e  p la s m a - m e m b r a n e - r i c h  r e g i o n  c o u ld  be due 
t o  a d so rb e d  serum p r o t e i n s ,  a s e r i e s  o f  r u n s  uas c a r r i e d  
o u t  i n  u h i c h  t h e  l i v e r  uas p e r f u s e d  p r i o r  t o  r e m o v a l  f ro m  
th e  r a t .  The p e r f u s i o n  p r o c e d u r e  i s  d e s c r i b e d  i n  c h a p t e r  2 
T a b le  5 .1  ( c )  summar ises  th e  r e s u l t s  o f  s e p a r a t i o n s  c a r r i e d  
o u t  u i t h  p e r f u s e d  l i v e r  u n de r  o t h e r u i s e  i d e n t i c a l  c o n d i t i o n s  
t o  t h e  r u n s  i n  t a b l e  5 .1  ( a ) .  The d i s t r i b u t i o n s  o f  t h e  
f o u r  p a r a m e te r s  u n d e r  d i s c u s s i o n  u e re  s i m i l a r  t o  t h o s e  
o b s e rv e d  i n  t h e  r u n s  c a r r i e d  o u t  u i t h  u n p e r f u s e d  l i v e r  and 
a g a in  no i n c r e a s e  i n  t h e  p u r i t y  o f  t h e  p .m. f r a g m e n t s  i n  
t h e  1 c e n t r a l  1 1 r e g i o n  r e s u l t e d .
&
Tuo r u n s  u e r e  c a r r i e d  o u t  i n  u h i c h  t h e  g r a d i e n t  uas 
b u f f e r e d  a t  pH8 . 6 , a t  u h i c h  pH E h r l i c h  a s c i t e s  e . r .  V e s i c l e s  
become d e n s e r  (Kamat and U a l l a c h  1 9 6 5 ) .  I t  uas hoped t h a t  
t h i s  u o u ld  be so u i t h  l i v e r  m ic r o s o m a l  m a t e r i a l ,  hence 
re m o v in g  e . r .  c o n t a m i n a t i o n  f ro m  t h e  ' c e n t r a l  1 * r e g i o n  o f  
t h e  g r a d i e n t ,  b u t  t h e  d a ta  i n  t a b l e  5 .1  ( d )  shous t h i s  n o t  
t o  be so .  A p u r i f i c a t i o n  v a lu e  f o r  p .m .  f r a g m e n t s ,  as 
j u d g e d  by AFlPase a c t i v i t y ,  o f  6 . 6 - f o l d  uas o b s e rv e d  i n  t h e
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N otes  on T a b le  5,1
( i )  ' R e c o v e r i e s  o f  a c t i v i t i e s  f o r  a l l  e x p e r i m e n t s ,
q u o te d  as mean -  1 s t a n d a r d  d e v i a t i o n ,  u e r e : -  
AMPase 8 2 . 3 ^  12.7%
G6Pase 1 7 7 .3 ±  63.6%
P r o t e i n  1 0 1 .3 1  15.1%
RN'A 7 3 .7 1  1 4 . 1%
( i i )  The u id e  range  o f  r e c o v e r i e s  o b s e rv e d  f o r  G6Pase., 
r a n g i n g  f ro m  28% t o  317^o, i s  due t o  th e  
i n s t a b i l i t y  o f  t h i s  enzyme. I t  uas i m p o s s i b l e  
t o  keep t h e  r e f e r e n c e  m a t e r i a l s  (homogenate
and p o s t - l y s o s o m a l  f r a c t i o n )  unde r  e x a c t l y  
th e  same c o n d i t i o n s  as th e  m a t e r i a l  b e in g  
c e n t r i f u g e d .  Hence r e l a t i v e  s p e c i f i c  a c t i v i t y  
f i g u r e s  f o r  G6Pase s h o u ld  be t r e a t e d  u i t h  
c a u t i o n .
( i i 5.) The c o n s i s t e n t l y  s l i g h t l y  l o u  r e c o v e r i e s  f o r  
AMPase a re  due t o  th e  a c t i v i t y  o f  l y s o s o m a l  
h y d r o l a s e s  on AMP. The l y s o s o m a l  enzymes a re  
r e l e a s e d  i n  th e  c o n t r o l  f r a c t i o n s  because th e s e  
a re  d i l u t e d  u i t h  u a t e r  p r i o r  t o  a s s a y ?r e s u l t i n g  
i n  h y p o t o n i c  s o l u t i o n s .  F r a c t i o n s  f ro m  th e  
z o n a l  r u n s ,  h o u e v e r ,  a re  assayed  i n  th e  p re s e n c e  
o f  l a r g e  amounts  o f  s u c r o s e .  ( P r o s p e r o , T .D .  
u n p u b l i s h e d  r e s u l t s ) .  A l l o u a n c e  s h o u ld  be made 
f o r . t h i s  uhen c o n s i d e r i n g  th e  v a l u e s  f o r  r e l a t i v e  
s p e c i f i c  a c t i v i t y .
N ote s  - on t a b l e  5 , 1  c o n t i n u e d : -
( i v )  R e la t i v / e  s p e c i f i c  a c t i v i t i e s  f o r  ( e )  above
a re  based on one e x p e r i m e n t  o n l y .  A l t h o u g h
t u o  e x p e r im e n t s  u e re  p e r f o r m e d ,  i n  one L - t y r o s i n e  
uas added t o  t h e  g r a d i e n t  and r e f e r e n c e  m a t e r i a l .
' T h i s  has been r e p o r t e d  t o  c o n s e r v e  G6Pase a c t i v i t y
(Fe u e r  e_t a l . 1 964 )
and,  i n  f a c t ,  good r e c o v e r y  ( 8 1 . 1 $ )  uas 
o b s e rv e d  f o r  G6Pase i n  t h i s  r u n .  U n f o r t u n a t e l y  
i t  r e a c t e d  l i k e  p r o t e i n  i n  t h e  F o l i n - C i o c a l t e a u  
e s t i m a t i o n .  The e x t e n t  o f  i n t e r f e r e n c e  uas 
t o o  g r e a t  f o r  c o r r e c t i o n  u i t h  t h e  use o f  a 
b l a n k ,  and hence p r o t e i n  v a lu e s  a re  l a c k i n g  
f o r  t h i s  r u n .
( v )  I n  ( a )  and ( e )  above t h e  r e l a t i v e  s p e c i f i c
a c t i v i t i e s  f o r  AFlPase i n  t h e  ' c e n t r a l  1 '
r e g i o n  u e re  t y p i c a l l y  a sse ssed  i n  a Spun-doun  
f r a c t i o n ,  r e s u l t i n g  i n  a more a c c u r a t e  p u r i f i c a t i o n  
v a l u e .
#
( v i )  On ly  a l t e r n a t e  f r a c t i o n s  u e r e  assayed  i n
th e  ' l i g h t *  r e g i o n ,  s i n c e  t h e r e  uas l i t t l e  
i n t e r e s t  i n  t h i s  r e g i o n .  Because t h i s  r e g i o n  
c o n t a i n s  most  o f  t h e  p r o t e i n ,  and a s u b s t a n t i a l  
p r o p o r t i o n  o f  t h e  RNA, on r e f l e c t i o n  i t
u o u ld  have been p r e f e r a b l e  t o  assay  a l l  f r a c t i o n s .
f c e n t r a l  1* r e g i o n ,  u h i c h  uas t h e  h i g h e s t  o b s e rv e d  f o r  
2 +r u n s  u i t h  Mg i o n s  i n  t h e  g r a d i e n t ,  b u t  i t  uas p l a i n  t h a t  
c o n t a m i n a t i o n  uas s t i l l  p r e s e n t .
( i i )  Removal o f  a d so rb e d  and i n t r a v e s i c u l a r  s o l u b l e  
p r o t e i n
In  any membrane i s o l a t i o n  p r o c e d u r e  t h e r e  i s  a r i s k  
t h a t ,  a l t h o u g h  t h e  p r o d u c t  may be f r e e  o f  a l l  o t h e r  
s e d im e n t a b le  m a t e r i a l ,  c o n t a m i n a t i o n  may a r i s e  by th e  
a d s o r p t i o n  o f  s o l u b l e  p r o t e i n s  o n to  t h e  membranes. Where 
t h e  membrane i s  i s o l a t e d  i n  a v e s i c u l a r  f o r m ,  t h e r e  i s  t h e  
a d d i t i o n a l  p o s s i b i l i t y  t h a t  d u r i n g  h o m o g e n is a t i o n  s o l u b l e  
p r o t e i n  may be t r a p p e d  u i t h i n  t h e  v e s i c l e s .
Because o f  t h e  l o u  p u r i f i c a t i o n  o b t a i n e d  f o r  m ic r o s o m a l
p .m .  v e s i c l e s ,  even uhen s e p a r a t i o n  f ro m  e . r .  seemed a lm o s t
c o m p le te  as e v id e n c e d  by G6Pase a c t i v i t y ,  an a t t e m p t  uas
made t o  remove th e  a d so rb e d  and t r a p p e d  p r o t e i n ,  i n  o r d e r
t o  a s c e r t a i n  hou much c o n t a m i n a t i o n  c o u ld  be a s c r i b e d  t o
t h e  s o l u b l e  m a t e r i a l .  The method uas e s s e n t i a l l y  t h a t
used by Glaumann and D a l l n e r  ( 1 9 6 8 ) .  I t  uas a p p l i e d  t o  t h e
p.m. o b t a i n e d  frosn m ic rosom es  a f t e r  z o n a l  c e n t r i f u g a t i o n
2+i n  t h e  p re s e n c e  o f  5mf*l Fig . . 25ml each o f  f r a c t i o n s  
16 & 17 ( p  = 1 .1 2 0  -  1 .1 2 6 )  f r o m  t h e  ru n  shoun i n  F i g .  5 .2
( c )  & ( d )  u e re  d i l u t e d  and spun doun (4 0 ,0 0 0  r e v / m i n  F1SE 
8 x 25 r o t o r  l h ) .  The p e l l e t  (Pj_) uas re s u s p e n d e d  i n  
20 ml Q.15F1 T r i s  b u f f e r  pM8 and. spun a g a in  y i e l d i n g  $ 2 *
P2 uas re su sp e n d e d  i n  d i s t i l l e d  u a t e r  and t h i s  uas spun 
doun t o  g i v e  P^, u h i c h  uas re s u s p e n d e d  i n  d i s t i l l e d  u a t e r .
The T r i s  t r e a t m e n t  removes th e  a d so rb e d  p r o t e i n  and th e  
d i s t i l l e d  u a t e r  r e l e a s e s  t h e  i n t r a v e s i c u l a r  p r o t e i n .  The 
s p e c i f i c  a c t i v i t i e s  f o r  AMPase a t  each s t a g e ,  t o g e t h e r  
u i t h  o t h e r  d e t a i l s ,  a re  shoun i n  t a b l e  5 . 2 .
The i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  i s  n o t  s t r a i g h t ­
f o r w a r d .  ' C e r t a i n l y  t h e  t r e a t m e n t  does n o t  r e s u l t  i n  a 
d r a m a t i c  r i s e  i n  p u r i f i c a t i o n ,  d e s p i t e  t h e  f a c t  t h a t  a 
c o n s i d e r a b l e  amount o f  p r o t e i n  i s  removed .  I t  seems l i k e l y  
t h a t  t h e  T r i s  t r e a t m e n t  causes  some r e l e a s e  o f  AMPase a c t i v i t y  
and hence p r o b a b l y  o t h e r  p r o t e i n s ,  f ro m  th e  p . m . ,  s i n c e  a 
r e c o v e r y  o f  80/o a f t e r  a I h  s p i n  f o r  such a s t a b l e  enzyme 
seems r a t h e r  l o u .  H ou e ve r ,  no a c t i v i t y  uas d e t e c t e d  i n  
t h e  s u p e r n a t a n t  a f t e r  t h i s  s p i n .
T a b le  5 . 2 .  R e s u l t s  o f  r e m o v a l  o f  s o l u b l e  m a t e r i a l  f ro m  
smooth  m ic rosom es  p r e p a r e d  by z o n a ^ c e n t r i -  
f u g a t i o n  i n  th e  p re s e n c e  o f  5mM M g '  a t  
pH 8 . 6  ( se e  t e x t  f o r  d e t a i l s ) .
AMPase
m oles
P i / h r / m g .
P r o t e i n )
R . S . A . 
u . r . t .
Homogenate
AMPase 
r e c o v e r y  
u . r . t .  P ^
;t) P r o t e i n  
removed 
u . r . t .  P-^
Homogenate 2 .8 2tf ( 1 ) - -
P o s t - m i t o .  sup . 2 .5 5 0 .9 0 - -
1 4 .2 6 5 .0 6 (1 0 0 ^ ) (□?S)
P2 1 5 .6 7 5 .5 5  . . 83% 25 %
P3 1 7 .5 6 6 .2 3 \  80% 35%
( i i i ) D i s t r i b u t i o n s  -of o t h e r  enzymes and o f  f e r r i t i n
The d i s t r i b u t i o n s  o f  o t h e r  enzymes and o f  f e r r i t i n  
u e re  a l s o  s t u d i e d  i n  t h e  r u n s  c a r r i e d  o u t  i n  t h e  p re s e n c e
( i )  t o  a sse ss  c o n t a m i n a t i o n  o f  t h e  ’ c e n t r a l  1* r e g i o n  
by e n t i t i e s  o t h e r  t h a n  e . r .
( i i )  t o  s t u d y  th e  d i s t r i b u t i o n  o f  o t h e r  enzymes o f  i n t e r e s t .
I n  c l a s s i c a l  ‘ d i f f e r e n t i a l  c e n t r i f u g a t i o n ,  m i t o c h o n d r i a .
and ly so so m e s  a r e  p e l l e t e d  a t  f a i r l y  l o u  speeds ,  l e a v i n g
u n s e d im e n te d  t h e ’ s o - c a l l e d  p o s t - l y s o s o m a l  s u p e r n a t a n t ,
c o n s i s t i n g  o f  t h e  s o l u b l e  f r a c t i o n  and 1m ic r o s o m e s 1.
H ou e ve r ,  u n d e r  t h e  t i t l e  ’ m ic r o s o m e s ’ must  be i n c l u d e d
some m i t o c h o n d r i a l  and l y s o s o m a l  m a t e r i a l  due t o  th e
p o s s i b i l i t y  o f  ( i )  s m a l l  m i t o c h o n d r i a  and l y so so m e s  n o t
s e d im e n t i n g  u i t h  t h e  c l a s s i c a l  m i t o c h o n d r i a l  and l y s o s o m a l
f r a c t i o n s  and ( i i )  m i t o c h o n d r i a l  and l y s o s o m a l  b re a k a g e
d u r i n g  h o m o g e n is a t i o n  a n d / o r  s e p a r a t i o n  l e a d i n g  t o  t h e
p re s e n c e  o f  d e r i v e d  membranes i n  t h e  m ic r o s o m a l  f r a c t i o n .
In  o r d e r  t o  a sse ss  c o n t a m i n a t i o n  by t h e  above s o u r c e s  o f
th e  ’ m ic ro s o m e s ’ and,  a f t e r  z o n a l  c e n t r i f u g a t i o n  i n  t h e  
24-p re s e n c e  o f  Mg i o n s ,  t h e  r e g i o n  e n r i c h e d  i n  AMPase 
a c t i v i t y ,  f o u r  m a rk e r  enzymes u e re  u se d .  These u e r e : -
( i )  s u c c i n a t e  d e h yd ro g en a se  ( m i t o c h o n d r i a l  m a r k e r )
( i i )  monoamine o x id a s e  ( o u t e r  m i t o c h o n d r i a l  membrane
24 -o f  Mg “ i o n s .  The p u rp o s e  o f  t h e s e  a ssa ys  uas t u o - f o l d
m a r k e r )
( i i i )  a c i d  p h o s p h a ta s e  ( l y s o s o m a l  m a r k e r ) '  .
( i v )  ’ \dase  ( l y s o s o m a l  membrane m a r k e r )
The f i r s t  t h r e e  o f  t h e s e  enzymes u e re  p r e s e n t  i n  e a s i l y
m e a s u ra b le  amounts  i n  t h e  homogenate  and p o s t - l y s o s o m a l  
s u p e r n a t a n t .  H o u e v e r ^ - g l u c o s i d a s e , assayed  u i t h  
p - n i t r o p h e n y l ^ { ? - D ~ g l u c o s i d e  as s u b s t r a t e  (Beck and T a p p e l  
1 9 6 8 ) ,  uas u n d e t e c t a b l e  i n  o u r  s t r a i n  o f  r a t s  even uhen 
h ig h  t i s s u e  c o n c e n t r a t i o n s  and l o n g  i n c u b a t i o n  t i m e s  u e re  
used .  T h i s  enzyme uas n o t  f u r t h e r  i n v e s t i g a t e d .
The d i s t r i b u t i o n s  o b s e rv e d  f o r  monoamine o x id a s e  and. 
s u c c i n a t e  d e hyd ro g e n a se  compared t o  th o s e  o f  AflPase and 
G6Pase a re  shoun i n  f i g .  5 . 2 ( a )  and ( b ) .  B o th  th e s e  
enzymes u e re  p r e s e n t  t h r o u g h o u t  most o f  t h e  g r a d i e n t .  In  
p a r t i c u l a r ,  monoamine o x id a s e  a c t i v i t y  uas fo u n d  t o  peak 
i n  t h e  ' c e n t r a l  1 '  r e g i o n  and t h u s  must  be r e s p o n s i b l e  f o r  
some l o u e r i n g  o f  AflPase s p e c i f i c  a c t i v i t y  i n  t h i s  r e g i o n .
B u t  t h e  e x t e n t  o f  c o n t a m i n a t i o n  i s  l o u  as e v id e n c e d  by th e  
s m a l l  p r o p o r t i o n s  o f  t h e s e  tu o  enzymes r e c o v e r e d  i n  t h e  
p o s t - l y s o s o m a l  s u p e r n a t a n t  as compared t o  t h e  hom ogena te .  
O n ly  3% o f  t h e  homogenate s u c c i n a t e  d e hyd ro g e n a s e  a c t i v i t y ,  
and 7% o f  i t s  monoamine o x id a s e  a c t i v i t y  u e re  f o u n d  i n  t h e  
p o s t - l y s o s o m a l  s u p e r n a t a n t  l o a d e d  o n to  t h e  z o n a l  r o t o r .
L ysosom a l  c o n t a m i n a t i o n  o f  t h e  p o s t - l y s o s o m a l  f r a c t i o n  
uas more s i g n i f i c a n t ,  s i n c e  24% o f  t h e  homogenate  a c i d  
p h o s p h a ta s e  a c t i v i t y  uas fo u n d  i n  t h e  f r a c t i o n .  Of t h i s  
o n l y  one f i f t h  uas ' s o l u b l e *  a c t i v i t y  ip  <  1 .1 0  a f t e r  z o n a l  
c e n t r i f u g a t i o n  i n  t h e  B-XU r o t o r  u n d e r  s t a n d a r d  c o n d i t i o n s ) .  
H ou e ve r ,  t h e  scan i n  f i g .  5 . 2 ( c )  shous t h a t  n e a r l y  a l l  t h e  
m ic ro s o m a l  a c t i v i t y  (95%>) i s  p r e s e n t  a t  d e n s i t i e s  g r e a t e r  
t h a n  1 .1 4  and c o n t a m i n a t i o n  o f  t h e  a re a  o f  most  i n t e r e s t ,  
t h e  ■ • c e n t r a l ' I V  r e g i o n  ( f r a c t i o n s  15 -  19 in .  f i g .  - '5.2 ( c ) ) ,
Fig 5.2 (a-f)
The d i s t r i b u t i o n s  o f
( a )  Monoamine o x id a s e
( b )  S u c c i n a t e  d e h yd ro g e n a se
( c )  A c id  p h o s p h a ta s e
( d )  A l k a l i n e  and a c i d  r i b o n u c l e a s e
( e )  F e r r i t i n  ( a ssa ye d  as l o o s e l y  -  bound i r o n )
& - ( f )  L - l e u c y l  - ^ 5  - n a p h t h v l a m i d a s e
compared t o  AMPase and G6Pase a c t i v i t i e s  f o r
p o s t - l y s o s o m a l  m a t e r i a l  c e n t r i f u g e d  i n  t h e
2 +  /  p re s e n c e  o f  Mg i o n s  f o r  16h a t  2 1 ,0 0 0  r e v / m m
i n  t h e  B— XV Z o n a l  r o t o r .  The p r e c i s e  c o n d i t i o n s  
2+f o r  Mg i o n  c o n c e n t r a t i o n  & pH, and w h e th e r  o r  
n o t  t h e  l i v e r  uas p e r f u s e d  a re  shoun on t h e  
i n d i v i d u a l  g r a p h s .
F i g s .  5 . 2  ( c )  and ( d )  a r e  f r o m  t h e  same r u n ,  
as a re  f i g s  5 .2  ( e )  and ( f )
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F i g .  5 . 2 ( e )  shows th e  d i s t r i b u t i o n  o f  f e r r i t i n  g r a n u l e s ,  
a ssayed  as l o o s e l y - b o u n d  i r o n .  A g a in ,  a l t h o u g h  c o n t a m i n a t i o n  
o f  t h e  f c e n t r a l  l f r e g i o n  i s  d e m o n s t r a t e d ,  t h e  p re s e n c e  o f  
f e r r i t i n  g r a n u l e s  i s  u n l i k e l y  t o  a c c o u n t  f o r  a s i g n i f i c a n t  
amount o f  p r o t e i n .
R e t u r n i n g  t o  th e  p o s s i b i l i t y ,  o u t l i n e d  a t  t h e  b e g i n n i n g
o f  t h i s  c h a p t e r ,  t h a t  t h e r e  i s  a d e a r t h  o f  AFlPase i n  t h e
p a r t s  o f  t h e  p .m. w h ic h  a p pe a r  i n  t h e  p o s t - l y s o s o m a l
s u p e r n a t a n t  as compared t o  th o s e  w h ic h  s e d im e n t  i n  t h e
n u c l e a r  f r a c t i o n ,  a n o t h e r  t e n t a t i v e  p .m .  m a rk e r  enzyme,
L - l e u c y l ^ J - n a p h t h y l a m i d a s e  (L N A ) ,  was assayed  and i t s
d i s t r i b u t i o n  i s  shown i n  f i g .  5 . 2 ( f ) .  Two f e a t u r e s  a r e
i m p o r t a n t .  F i r s t l y  t h e  e x t r e m e l y  h i g h  s o l u b l e  ( ^ > < 1 . 1 0 )
a c t i v i t y  a c c o u n t e d ,  i n  a l l  4 r u n s  on w h ic h  t h e  enzyme was
a s s a y e d ,  f o r  between 70 and 80/1 o f  t h e  p o s t - l y s o s o m a l
a c t i v i t y .  T h i s  was o b s e rv e d  e a r l i e r  f o r  r u n s  c a r r i e d  o u t
2+i n  t h e  absence  o f  Mg i o n s .  The p o s s i b i l i t y  t h a t  t h i s  
a c t i v i t y  was s u b s t a n t i a l l y  i n t r i n s i c  p .m .  a c t i v i t y  removed 
d u r i n g  t h e  l e n g t h y  z o n a l  c e n t r i f u g a t i o n  was d i s m i s s e d  by 
s u b j e c t i n g  an homogenate t o  a l h  c e n t r i f u g a t i o n  a t
4 0 ,0 0 0  r e v / m i n  i n  an PISE 8 . x .  25ml a n g le  head r o t o r ,  y i e l d i n g  
a s u p e r n a t a n t  ' s o l u b l e 1 f r a c t i o n .  In  t h i s  f r a c t i o n  was 
fo u n d  v e r y  n e a r l y  t h e  same p e r c e n t a g e . (30/S) o f  t h e  hom ogenate  
LNA a c t i v i t y  as t h a t  fo u n d  a t  d e n s i t i e s  l o w e r  t h a n  1 . 1 0  
a f t e r  z o n a l  c e n t r i f u g a t i o n  o f  p o s t - l y s o s o m a l  m a t e r i a l  (3 4 /1 ) .  
S e c o n d ly ,  r a t h e r  t h a n  t h e r e  b e in g  a s u r p l u s  o f  LNA a c t i v i t y  
r e l a t i v e  t o  AFiPase i n  t h e  ' c e n t r a l  1 '  r e g i o n  as was h o pe d ,
t h e  o p p o s i t e  i s  t r u e .  I n  t h e  ru n  shown i n  f i g .  5 . 2 ( f ) ,
17$ o f  t h e  AMPase p r e s e n t  a t  d e n s i t i e s  g r e a t e r  th a n  1 .1 0  
was fo u n d  i n  t h e  ' c e n t r a l  1 '  r e g i o n ,  w h i l e  t h e  e q u i v a l e n t  
f i g u r e  f o r  LNA was 8 . 5 $ .  S i m i l a r  r e s u l t s  were o b s e rv e d  
f o r  t h e  o t h e r  3 r u n s .
U h i l s t  s e v e r a l  w o r k e r s  have fo u n d  LNA i n  o t h e r  
s u b c e l l u l a r  ■ f r a c t i o n s ,  B e n e d e t t i  and Emmelot (1 9 6 8 )  
c o n s i d e r  i t  t o  be' a p .m. m a rke r  enzyme. The a v a i l a b i l i t y  
i n  o u r  l a b o r a t o r y  o f  t h e  A - X I I  r o t o r ,  i d e a l  f o r  s u b t r a c t i o n -  
a t i n g  a c ru d e  n u c l e a r  f r a c t i o n  and p r e p a r i n g  f ro m  i t  p .m .  
s h e e t s  ( H i n t o n  _et aJL; 1 9 7 0 ) ,  and t h e  HS r o t o r ,  w h ic h  Burge 
and H in t o n  (1 9 7 1 )  used t o  s u b f r a c t i o n a t e  a ' m i t o c h o n d r i a  
p l u s  l y s o s o m e s '  f r a c t i o n ,  o f f e r e d  t h e  o p p o r t u n i t y  t o  s t u d y  
th e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  LNA more f u l l y  and hence 
a sse ss  i t s  a p p l i c a b i l i t y  as a p .m .  m a r k e r .
F i g .  5 . 3  shows t h e  d i s t r i b u t i o n  o f  LNA compared t o  
AMPase, t o g e t h e r  w i t h  o t h e r  r e l e v a n t  p a r a m e t e r s ,  a f t e r  a 
re su s p e n d e d  'c ru d e  n u c l e a r '  f r a c t i o n  p r e p a r e d  f ro m  p e r f u s e d  
l i v e r  was s u b j e c t e d  t o  I h  c e n t r i f u g a t i o n  i n  an A—X I I  z o n a l  
r o t o r  a t  3 ,7 0 0  r e v / m i n .  P r e c i s e  c o n d i t i o n s  f o r  p r e p a r a t i o n  
o f  t h e  f r a c t i o n  and z o n a l  c e n t r i f u g a t i o n  a re  g i v e n  i n  
method 4 by H i n t o n  et_ aJL. ( 1 9 7 0 ) .  The p r o p o r t i o n  o f  LNA 
r e c o v e r e d  i n  t h e  c ru d e  n u c l e a r  f r a c t i o n  (3 8 $ )  was l o w e r  
th a n  t h e  e q u i v a l e n t  f i g u r e  f o r  AflPase ( 4 8 $ ) ,  w h ic h  i s  a 
consequence  o f  t h e  h ig h  s o l u b l e  a c t i v i t y  o f  LNA. However 
t h e  c ru d e  n u c l e a r  LNA a c t i v i t y  was d i s t r i b u t e d  a l m o s t  
i d e n t i c a l l y  t o  t h e  AMPase a c t i v i t y  a f t e r  z o n a l  c e n t r i f u g ­
a t i o n  ( f i g .  5 . 3 ( b ) ) .  I n  f r a c t i o n s  1 - 1 2 ,  c o n t a i n i n g
F ig  5 . 3 .  S e p a r a t i o n  o f  t h e  components  o f  a re s u s p e n d e d  
' c r u d e  n u c l e a r '  f r a c t i o n  by c e n t r i f u g a t i o n  f o r  
1h a t  3 ,7 0 0  r e v / m i n  i n  an A-X11 Z o n a l  r o t o r .
The g r a d i e n t  was o f  t h e  fo rm  A2 i n  H in t o n  ejfc 
a l . ( 1 9 7 0 )  and was b u f f e r e d  w i t h  5mFl NaHCO^ pH 7 . 5 .  
Crude n u c l e a r  m a t e r i a l  f ro m  20g u h o le  l i v e r  
was l o a d e d .  F r a c t i o n s  c o l l e c t e d  were o f  34 m l .  
F u r t h e r  d e t a i l s  o f  t h e  p r e p a r a t i o n  o f  t h e  c ru d e  
n u c l e a r  f r a c t i o n  and t h e  z o n a l  c e n t r i f u g a t i o n  
can be fo u n d  i n  H in t o n  et, a l .  ( 1 9 7 0 ) .
F ig  5 . 4 .  S e p a r a t i o n  o f  t h e  components  o f  a re s u s p e n d e d
' m i t o c h o n d r i a l / l y s o s o m a l * f r a c t i o n  by c e n t r i f u g a t i o n
f o r  1h a t  9 ,0 0 0  r e v / m i n  i n  an HS z o n a l  r o t o r .
The g r a d i e n t  was o f  t h e  fo rm  g i v e n  by Burge  and
H in t o n  ( 1 9 7 1 ) .  M i t o c h o n d r i a l / l y s o s o m a l  m a t e r i a l
f r o m  JO g u h o le  l i v e r  uas l o a d e d .  F r a c t i o n s
c o l l e c t e d  were o f  18m l.  F u r t h e r  d e t a i l s  o f
t h i s  t y p e  o f  s e p a r a t i o n  a r e  t o  be fo u n d  i n  Burge
and H in t o n  ( 1 9 7 1 ) *  U r ic a S e  W 06 d e te rm in e d  OA 
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m a i n l y  v e s i c u l a r  p .m.  and e . r . ,  l y so so m e s  and m i t o c h o n d r i a ,  
1 7 .4 $  o f  t h e  t o t a l  r e c o v e r e d  LNA and 14.8/5 o f  t h e  AMPase 
were fo u n d .  LNA uas v e r y . l o w  i n  t h e  m i t o c h o n d r i a l  r e g i o n  
( f r a c t i o n s  7 - 1 1 ) .  f r a c t i o n s  1 7 -2 1  ( t h e  p u r i f i e d  p .m .  
r e g i o n )  c o n t a i n e d  47.8/5 o f  t h e  LNA and 5 5 .5 $  o f  t h e  AfiPase 
a c t i v i t y ,  and f r a c t i o n s  2 2 -32  ( c o n s i s t i n g  l a r g e l y  o f  
a g g r e g a te d  m a t e r i a l  and u h o le  c e l l s )  3 2 .1 $  o f  t h e  LNA and 
2 7 .2 $  o f  t h e  AHPase. T h i s  f i r s t  r u n  i n d i c a t e d  t h a t  LNA 
m i g h t  be a v a l i d  a l t e r n a t i v e  t o  AFiPase as a p .m .  m a r k e r .
An e s s e n t i a l l y  s i m i l a r  r e s u l t  uas o b t a i n e d  i n  a d u p l i c a t e  
r u n .  Houever  i t  m ust  be bo rne  i n  m ind t h a t  t h e  c ru d e  
n u c l e a r  f r a c t i o n  does n o t  c o n t a i n  a l a r g e  p r o p o r t i o n  o f  
t h e  l y s o s o m e s ,  a n o t h e r  r e p o r t e d  s i t e  o f  LNA a c t i v i t y  
( f lahadeVan and T a p p e l  1 9 6 7 ) .  The d i s t r i b u t i o n  i n  l y s o s o m a l  
m a t e r i a l  uas s t u d i e d  by s u b j e c t i n g  a m i t o c h o n d r i a l / l y s o s o m a l  
f r a c t i o n  t o  s u b f r a c t i o n a t i o n  i n  t h e  HS z o n a l  r o t o r  by t h e  
p r o c e d u r e  o f  Burge and H in t o n  ( 1 9 7 1 ) .  The r e s u l t s  o f  t h i s  
ru n  a r e  shoun i n  f i g .  5 . 4 .  U n l i k e  j g  t h e  c ru d e  n u c l e a r  
f r a c t i o n  a h i g h e r  p r o p o r t i o n  o f  t h e  homogenate  LNA a c t i v i t y  
( 3 9 . 3 $ )  uas r e c o v e r e d  i n  t h e  m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n  
t h a n  AFlPase a c t i v i t y  ( 2 8 . 5 $ ) ,  and t h e  s u b s e q u e n t  z o n a l  r u n  
e x p l a i n e d  t h e  d i s c r e p a n c y .  U h i l s t  LNA and AFlPase p a r a l l e l  
each o t h e r  f a i r l y  c l o s e l y  a t  t h e  e x t re m e  ends o f  t h e  g r a d i e n t  
( c o r r e s p o n d i n g  t o ,  a t  t h e  l i g h t  end, p .m .  and e . r .  v e s i c l e s  
and,  a t  t h e  heavy  end, p .m. s h e e t s  and m i t o c h o n d r i a ) ,  t h e r e  
i s  a la r g e  e xce ss  o f  LNA o v e r  AFlPase a c t i v i t y / i n  t h e  c e n t r a l  
r e g i o n  ( f r a c t i o n s  1 4 - 2 5 ) ,  i n  u h i c h  t h e  h i g h e s t  p r o p o r t i o n  
o f  u r i c a s e  (p e ro x i s o m e  m a rk e r )  and t y p i c a l l y ,  a l t h o u g h  n o t  
a ssayed  on t h i s  p a r t i c u l a r  r u n ,  a c i d  p h o s p h a ta s e  ( l y s o s o m e  
m a rk e r )  a c t i v i t i e s  a re  r e c o v e r e d .  The p e r c e n t a g e  o f  t h e
t o t a l  r e c o v e r e d  a c t i v i t i e s  o f  LNA and 'AFlPase fo u n d  i n  
each r e g i o n  i s  summar ised  h e r e : -
f r a c t i o n  nos .
Enzyme 1 -1 3
3 9 . 8% 
5 1 .7 %
1 4 -2 5 26 -35
19.1/o
3 4 . 4/c
LNA 4 1 . 0%
AFlPase 13 9%
u n /A ■hrimoola.1
S u m m a r is in g , seems t o  have a
d i s t r i b u t i o n ^ i n  p .m . and l y s o s o m e s / p e r o x i s o m e s  and as a 
S o l u b l e 1 p r o t e i n .  A l t h o u g h  t h e ’ enzyme i s  a c t i v e  i n  se rum, 
most  o f  t h e  ’ s o l u b l e *  a c t i v i t y  fo u n d  i n  r a t  l i v e r  u o u ld  
a p pe a r  t o  be c y t o p l a s m i c  s i n c e  t h e r e  uas no s i g n i f i c a n t  
. r e d u c t i o n  i n  i t s  a c t i v i t y  uhen p e r f u s e d  l i v e r  uas used as 
compared t o  u n p e r f u s e d  l i v e r .
The f o r e g o i n g  e x p e r im e n t s  i n d i c a t e  t h a t  LNA i s  n o t  
e x c l u s i v e l y  l o c a t e d  i n  t h e  p .m. and t h e r e f o r e  s h o u ld  n o t  
be c o n s id e r e d  as a m a rk e r  enzyme.
To r e t u r n  t o  t h e  main t o p i c  o f  t h i s  c h a p t e r ,  t h e  
e xce ss  o f  LNA a t  t h e  heavy  end o f  t h e  g r a d i e n t  i n  f i g .  5 . 2 ( f )  
can nou p a r t l y  be e x p l a i n e d  by th e  p re s e n c e  o f  t h e  enzyme 
i n  l y s o s o m e s ,  s i n c e  a c i d  p h o s p h a ta s e  a s sa ys  ( f i g .  5 . 2 ( c ) )  
shou ly s o s o m e s  t o  be c o n c e n t r a t e d  a t  t h e  h i g h e r  d e n s i t i e s .
A c id  and a l k a l i n e  RNase a s s a y s  were a l s o  p e r f o r m e d  on
2+th e  r u n s  c a r r i e d  o u t  i n  t h e  p re s e n c e  o f  Fig i o n s ,  i n  o r d e r  
t o  g e t  some i d e a  o f  t h e i r  d i s t r i b u t i o n  among t h e  v a r i o u s  
components  o f  t h e  m ic ro s o m a l  f r a c t i o n ,  h i t h e r t o  l i t t l e  s t u d i e d .
d e m o n s t r a t e s  b o th  enzymes t o  be w i d e l y  d i s t r i b u t e d  
t h r o u g h o u t  t h e  g r a d i e n t ,  w i t h  a l k a l i n e  a c t i v i t y  a lw a y s  
i n  e xcess  o f  a c i d  a c t i v i t y .  T a b le  5 .3  shows t h e  a ve ra g e d  
p e r c e n ta g e  d i s t r i b u t i o n  o f  t h e  RNase a c t i v i t i e s  compared 
t o  AFlPase and G6Pase f o r  t h e  two scans c a r r i e d  o u t .  The 
a c i d  r i b o n u c l e a s e  a c t i v i t y ,  w e l l - k n o w n  t o  be c o n c e n t r a t e d  
i n  l y s o s o m e s ,  i s  p r o b a b l y  l a r g e l y  l y s o s o m a l  ( c f .  a c i d  
p h o s p h a ta s e  d i s t r i b u t i o n  f o r  t h e  same ru n  i n  f i g .  5 . 2 ( c ) ) ,  
a l t h o u g h  a p o r t i o n  a p p e a rs  t o  be l o c a t e d  e ls e w h e r e  s i n c e  
a h i g h e r  p r o p o r t i o n - ' ( 3 8 / S )  o f  t h e  t o t a l  a c i d  RNase a c t i v i t y  
t h a n  a c i d  p h o s p h a ta s e  (24/o) was r e c o v e r e d  i n  t h e  p d s t -  
l y s o s o m a l  s u p e r n a t a n t .
The s i m i l a r i t y  i n  t h e  d i s t r i b u t i o n  o f  a l k a l i n e  RNase 
and AFlPase ( t a b l e  5 . 3 )  a l l o w s  one t o  h y p o t h e s i s e  t h a t  a 
l a r g e  p r o p o r t i o n  o f  t h e  a l k a l i n e  RNase a c t i v i t y  i s  
a s s o c i a t e d  w i t h  p .m .  F u r t h e r  work  t o  t e s t  t h i s  h y p o t h e s i s  
i s  d e s c r i b e d  l a t e r .  An i n t e r e s t i n g  f e a t u r e  o f  t h e  a l k a l i n e  
RNase d i s t r i b u t i o n  was t h e  s m a l l  peak o f  a c t i v i t y  a t  a 
d e n s i t y  o f  1 . 0 7 ,  w i t h  a c i d  a c t i v i t y  a b s e n t .  T h i s  was fo u n d  
i n  b o th  s c a n s .  P a r a l l e l  work  by F l u l l o c k  e_b a t .  ( 1 9 7 1 )  
i n  o u r  l a b o r a t o r y  had shown s u b r i b o s o m a l  p a r t i c l e s  t o  be 
p r e s e n t  i n  t h i s  r e g i o n  o f  t h e  g r a d i e n t  and t h u s  t h e  p o s s i b i l i t y  
e x i s t e d  t h a t  t h i s  a l k a l i n e  RNase was a s s o c i a t e d  w i t h  th e s e  
p a r t i c l e s .  Hence i t s  d i s t r i b u t i o n  a f t e r  a ru n  u s i n g  t h e  
g r a d i e n t  and c o n d i t i o n s  o f  F lu l l o c k  e t  a l .  was s t u d i e d  
( f i g .  5 . 5 ) ,  T h i s  c o n f i r m e d  t h a t  t h i s  RNase a c t i v i t y  
p a r a l l e l l e d  t h e  40s s u b u n i t s .  F u r t h e r  work  by H i n t o n  
( u n p u b l i s h e d  r e s u l t s )  has c o n f i r m e d  th e  p re s e n c e  o f  an
Table 5.3
D i s t r i b u t i o n  o f  a l k a l i n e  and a c i d  r i b o n u c l e a s e  a c t i v i t i e s  
compared t o  AFlPase and G6Pase a f t e r  z o n a l  c e n t r i f u g a t i o n  
o f  a p o s t - l y s o s o m a l  s u p e r n a t a n t  i n  a B-XU f o r  16 h a t
2 1 ,0 0 0  r e v / m i n .  The r e s u l t s  a re  t h e  mean o f  t u o  e x p e r i m e n t s .  
The g r a d i e n t  i n  b o th  e x p e r i m e n t s  uas b u f f e r e d u i t h  5mM T r i s  
pH 8 . 6  and c o n t a i n e d  5mM Fig + . On ly  t r u e  m ic ro s o m a l  a c t i v i t i e s  
( d e f i n e d  as h a v in g  an i s o p y c r i i c  d e n s i t y  g r e a t e r  t h a n  1 . 1 0 )  
a re  i n c l u d e d  i n  t h e  t a b l e .
g r a d i e n t  r e g i o n
A c t i v i t y c e n t r a l  1 c e n t r a l  2 heavys II h-' • 1—’ CD I I-1 . 4^ 1 . 1 4 - 1 . 1 6 ^ 0  > 1 . 1 6
A c id  r i b o n u c l e a s e 9.3% 16.6% 74.1%
A l k a l i n e  r i b o n u c l e a s e 18.2% • 22 .  3% 59.6%
AMPase 21.3% 24.2% 54.6%
G6Pase 3.0% 26.6% 70.3%
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F i g .  5 .5  D i s t r i b u t i o n  o f  a c i d  and a l k a l i n e  RNase
a c t i v i t y  a f t e r  a p o s t - l y s o s o m a l  s u p e r n a t a n t  
uas s u b j e c t e d  t o  c e n t r i f u g a t i o n  f o r  165 min 
a t  4 7 ,0 0 0  r e v / m i n  i n  t h e  B -X IV  r o t o r .  The 
q r a d i e n t  uas o f  t h e  fo rm  used by f l u l l o c k  e t  a l .  
( 1 9 7 1 ) ,  b u f f e r e d  ^ i t h  SmN T r i s  pH 7 . 4  and 
c o n t a i n i n g  Imfl f i g '  . R ibosorna l  s u b u n i t s  u e re  
fo u n d  i n  f r a c t i o n s  10 -  15 .  The peak o f  UV 
a b s o r b i n g  m a t e r i a l  i n  t h e  c e n t r e  o f  t h e  g r a d i e n t  
uas shoun by f l u l l o c k  ej: j a l .  t o  be due t o  f e r r i t i n ,
a l k a l i n e  RNase i n  t h i s  g r o u p ' o f  p a r t i c l e s ,  a l t h o u g h  he has 
n o t  o b s e rv e d  such a d i s t i n c t  peak o f  a c t i v i t y .
CHAPTER S IX :
PRE -  INCUBATION OF NICROSOHES 
UITH Pb24'lDMS
i l l  P r e - i n c u b a t i o n  u i t h  l e a d  and q l u c o s e - 6 - p  hosphatg .
A l t h o u g h  c e n t r i f u g a t i o n  o f  a p o s t - l y s o s o m a l  s u p e r n a t a n t
? +i n  t h e  B -X IV  r o t o r  i n  t h e  p re s e n c e  o f  Mg " i o n s  p r o v i d e d  u s e f u l  
i n f o r m a t i o n  on t h e  l o c a t i o n  o f  e n z y m a t i c  a c t i v i t i e s  and y i e l d e d  
a 5 - f o l d  p u r i f i e d  p .m .  f r a c t i o n ,  i t  became e v i d e n t  t h a t  a 
r a d i c a l  change i n  e i t h e r  t h e  p r e p a r a t i o n  o f  t h e  f r a c t i o n  
f o r  l o a d i n g  o r  t h e  c e n t r i f u g a l  c o n d i t i o n s  u o u l d . b e  n e c e s s a ry  
t o  im p ro v e  t h i s  p u r i f i c a t i o n .
I n c u b a t i o n  o f  t i s s u e  s e c t i o n s  u i t h  a medium c o n s i s t i n g
2 +o f  a b u f f e r e d  s u b s t r a t e  and Pb ' i o n s  i s  t h e  b a s i s  o f  many 
c y t o c h e m i c a l  t e c h n iq u e s  f o r  p h o s p h a ta s e  l o c a l i z a t i o n
O
( U a c h s t e i n  1955, Essne r  ej: al^. 1958 i n t e r  a l i a .). The p h i l o
b e h in d  th e s e  methods i s  t h a t  t h e  p h o s p h a te  r e l e a s e d  by enzyme
24-a c t i o n  u i . l l  combine  u i t h  t h e  Pb i o n s  t o  g i v e  an e l e c t r o n - d e n s e  
d e p o s i t  o f  l e a d  p h o s p h a te  a t  t h e  s i t e  o f  t h e  enzyme a c t i v i t y  
e n a b l i n g  i t  t o  be r e c o g n i s e d  u n de r  t h e  e l e c t r o n  m i c r o s c o p e .
S in c e  G6Pase i s  l o c a t e d  i n  t h e  e . r . , i n c u b a t i o n  o f  a m ic r o s o m a l
24-
f r a c t i o n  u i t h  g l u c o s e - 6 - p h o s p h a t e  and Pb i o n s  a t  pH 6 . 5  
u i l l  l e a d  t o  a d e p o s i t i o n  o f  l e a d  p h o s p h a te  on th e  e . r .  membranes 
( O r r e n i u s  and E r i c s s o n  1966, F i t z s i m o n s  1 9 7 0 ) .  Upon c e n t r i f u g a t i o  
o f  m ic ro s o m a l  f r a c t i o n  i n c u b a t e d  i n  t h i s  u a y ,  p r im a  f a c i e  one 
u o u ld  e x p e c t  t o  o b s e rv e  an i n c r e a s e  i n  t h e  i s o p y c n i c  d e n s i t y  
o f  e . r .  membranes u h i i e  t h e  d e n s i t y  o f  v e s i c l e s  o f  o t h e r  
m o r p h o l o g i c a l  o r i g i n  i n c l u d i n g  p .m .  f r a g m e n t s  s h o u ld  r e m a in  
unchanged .  S in c e  t h e  main c o n t a m in a n t  o f  t h e  p .m .  r e g i o n  i n
t h e  f o r e g o i n g  r u n s  was c o n s id e r e d  t o  be e . r . ,  t h e  above
t r e a t m e n t  s h o u ld  l e a d  t o  an i n c r e a s e  i n  t h e  p u r i t y  o f  t h e
p.m. v e s i c l e s .  To t e s t  t h i s  i h e o r y ,  m ic ro s o m a l  f r a c t i o n s
2 +u e re  p r e - i n c u b a t e d  u i t h  Pb i o n s  and G6P as d e s c r i b e d
i n  C h a p te r  2 .E .  S o n i c a t i o n  uas i n c l u d e d  i n  t h e  p r e - i n c u b a t i o n
s t e p  t o  a v e r t  a g g r e g a t i o n  o f  t h e  m ic r o s o m a l  membranes (see
b e l o u ) .  I t  must be em phas ised  t h a t ,  u n l i k e  i n  t h e  r u n s  
2+ 2 +e m p lo y in g  fig i o n s ,  no Pb i o n s  u e re  p r e s e n t  i n  t h e  s o l u t i o n s  
used t o  make t h e  g r a d i e n t s .  These s o l u t i o n s  u e r e  h o u e v e r  
b u f f e r e d  u i t h  5mfl T r i s  pH 7 . 4 .
2+A c o n c e n t r a t i o n  o f  0.6mfl  Pb i n  t h e  p r e - i n c u b a t i o n
m i x t u r e  l e d  t o  a s e p a r a t i o n  q u a l i t a t i v e l y  s i m i l a r  t o  t h a t
2+o b t a i n e d  u i t h  5mfl fig i o n s  i n  t h e  g r a d i e n t  ( F i g . - 6 . - 1 . ) .
T he re  a re  tu o  peaks o f  AflPase a c t i v i t y  a t  = 1 .1 3 5  and 1 .2 1 2  
u h e re a s  t h e r e  i s  o n l y  a s i n g l e  peak f o r  t h e  G6Pase 3 ^ 3 = 1 . 2 1 2 .  
H o u e ve r ,  t h e r e  i s  a s h o u l d e r  t o  t h i s  peak o f  G6Pase a c t i v i t y  
e x t e n d i n g  back t o  a d e n s i t y  o f  1 .1 0 5  and th u s  c o n t a m i n a t i n g  t h e  
l i g h t e r  AflPase pe ak ,  u i t h  a c o n c o m i t a n t  r e d u c t i o n  i n  t h e  p u r i t y  
o f  t h e  p .m .  v e s i c l e s  i n  t h e  a r e a .
The d i s t r i b u t i o n  o f  a c t i v i t i e s  u i t h i n  t h e  g r a d i e n t  
c o n v e n i e n t l y  d i v i d e s  i n t o  t h r e e  ' r e g i o n s
( i )  Of d e n s i t y  l e s s  th a n  1 * 0 9 ,  c o n t a i n i n g  s o l u b l e  m a t e r i a l
a b so rb e d  o n to  o r  t r a p p e d  u i t h i n  th e  m ic ro s o m a l  p e l l e t
and r e l e a s e d  by s o n i c a t i o n  o r  l e s s  p r o b a b l y  on l o a d i n g  o n t o
th e  z o n a l  c e n t r i f u g e .  In  a d d i t i o n  t h e r e  i s  t h e  p o s s i b i l i t y  
o f  t h e  r e m o v a l  o f  t r u e  membrane components  by t h e  s o n i c a t i o n  
s t e p .  I f  t h i s  t o o k  p la c e  th e n  th e s e  components  u o u l d  be 
most  l i k e l y  t o  be fo u n d  i n  " t h i s  r e g i o n .
0 ‘6rnM ? h z ' / G ^ Q P
10 20 
Fmctlon 
No.
F i g ,  6 . 1 .  P a t t e r n  o b t a in e d  a f t e r  c e n t r i f u g a t i o n
f o r  4h a t  4 7 ,0 0 0  r e v / m i n  i n  a B -X IV  
z o n a l  r o t o r  o f  a m ic ro s o m a l  f r a c t i o n  
p r e - t r e a t e d  by s o n i c a t i o n  and i n c u b a t i o n  
. u i t h  0 . 6  mW Pb 2+/Q.005V\  G6P a t  pH 6 . 5
\
F i g s .  6 .2  and 6 . 3 .  ( o v e r l e a f )  as F i g .  6 .1
e x c e p t  t h a t  th e  l e a d  c o n c e n t r a t i o n s  i n  
th e  p r e - i n c u b a t i o n  medium u e re  0 .8  mM 
and 1mfl r e s p e c t i v e l y .
'S
'“-J
0.1
( f
z<
0
F j ^ . l  O -S m M P b ^  
-t- G\& P
Ffoteux
4.• s
-S»o
o - o ^ F ^ s e
A M ’F ^ s e
3 5 e n s i.b
ID 20
Fracttoru
,—. / o W o *
3  U M P b 2*
0
l o  - 1 1
. 3
JB
< 3 -
>q 8
20 
Fraction. 
No.
VD
U
_J03
cC
K
C
0
JD CD
JD 3 CD
-P CD
•H 43
3 CD l>
0 st
0 •P
0 TD -P
•P 0 0
-P P
•P cn JD
> st
•P 0
-P JD P
G 43 □
0 <4-
Cu
G o TD
•P 0
0— 0 cn
•P c D
G □ 0-
0 •p •p
CL cn p
0 0 43
p C
0 0
> 0 G
•P D)
-P O TD
0 •P CD
rH P 0
0 0
P > LD
•
0 cn VD
c c DO
0 o CL
E
c 0 -P
o 0
•p 0
4J 0 CL
D 0 VD
JD CL CD
•P VD s
P LD LD
+3 a
0 TD o
•P C •
TD 0 a
0 0 +.
JD 0
4-3 0 JD
CL CL
CD
□ CC JD
-P
c 0 •H
□ JD 3
•p -P
4-3 TD
0 U - 0
P □ -P
4-3 0
C 0 JD •
0 43 3 P
G 0 G O
CD CD C 43
□ 0 •P □
G cn 1 P
o 0
+ E P :=>
CM o CL i— i
JD JD X
CL 0 l
0 P CD
0- JD 0
O 43 3 0
4-> □ 0 CD
G 43 0 •P
0 E
Cu -P O CD
C|— G 0 •P
0 0 □ E
CL P
0 0 G >
JD 0 •P 0
1— P E P
C•H0
-P
G
P
Q.
0 
0  
0  
CL 
vO L3
• I
CJio
V
\
I
cn
o
K
\
cn
o -
\
cn
oto
co
cn
A ~
st
«
o
e'­
en
vo
c\j
st
co
o
to
i>CM
00
in
to
to
o
o
CD
o
CO
CD
CD
cn
LD
CD
TO
0
P
0
>
o
G  0 >. 
P 4-> 
•P
C_ >  
□  -P 
-P 
O
^  0
rn
CM
JD 
C L ,
CO
e :
e
VO
O
X
P
0
>
□
u
0
p
v-.o
CD V— , CO
• /■—s • c •
cn v— cn CO *— . o-
r- V— ^ CD .. '— vo
t
to 00
• •
o CO
CM V
CM cn cn CD
• • • ' •
CM CM o st
CO cn
a cn to CO VD
© • o • • •
O v~ CO CM CD o
v— o- LO
cn
o
cn
CD
to
a
TD
0
p
0
oO X 0 4-> 
P  *P 
>
Q_ *P 
O  -P 
O
^  0
cC
to
E00
•
a
p
0
D>
o
G
0
P
CD, CD
r- r- to VD
• • • o
VD a VD p
St st
*
1 VD cn LD ■W.O CO l> 'tR ■
0 cn • • O o • *— • • t> •
0 CD CO st • —^ LD • to CD • *—
0 • VO CO st I> st v~ ■ V—
f~V_ r- VD VD VD I
st
a
TD
0
P
0
>
O
G > .
0  43 p
P •p 0 0
> CC >
L- •p o Q
O -p CO G
G • 0
V. t) 
O'-. 0 CC P
in
v
o
v~
t
to
. V
Ct_□
C
o
•P
cn
0
p
0JD
-P
C
•H
( i i )  Of d e n s i t y  1 .0 9  t o  1 . 1 7 ,  c o n t a i n i n g  th e  l i g h t e r  peak
o f  AflPase a c t i v i t y ,  t o g e t h e r  u i t h  c o n t a m i n a t i n g  G6Pase
a c t i v i t y .
( i i i )  Of d e n s i t y  g r e a t e r  t h a n  1 .1 7  c o n t a i n i n g  t h e  b u l k  o f  GSPase
a c t i v i t y  and p r o t e i n .  The re  i s  a l s o  a peak o f  AflPase 
a c t i v i t y  i n  t h i s  r e g i o n .
T a b le  6 .1  shous hou t h e  v a r i o u s  a c t i v i t i e s  d i s t r i b u t e  
th e m s e lv e s  among th e s e  t h r e e  r e g i o n s ,  and a l s o  g i v e s  t h e  r e l a t i v e  
s p e c i f i c  a c t i v i t i e s  o f  enzymes as compared t o  t h e  hom ogena te .  
AflPase a c t i v i t y  i s  e n r i c h e d  4 . 9  t im e s  i n  t h e  r e g i o n  c l o s e  t o  
th e  AflPase peak ( y o  = 1 .1 3  -  1 . 1 5 ) .  T h i s  p u r i f i c a t i o n  i s  l o u
a lm o s t  c e r t a i n l y  because  o f  t h e  c o n s i d e r a b l e  e . r .  c o n t a m i n a t i o n ,  
as ju d g e d  by G6Pase a c t i v i t y ,  i n  t h i s  r e g i o n .  I n  an a t t e m p t  
t o  overcome t h i s  p r o b le m ,  i n c r e a s e d  l e a d  c o n c e n t r a t i o n s  i n  t h e  
p r e - i n c u b a t i o n  m i x t u r e  u e re  t r i e d .  The r e s u l t s  o f  t h e  
s u b s e q u e n t  z o n a l  r u n s  a re  shoun i n  F ig s  6 . 2 .  and 6 . 3 .
2 +U i t h  0.8mfl  Pb , t h e r e  i s  a d e c re a s e  i n  G6Pase a c t i v i t y  
and p r o t e i n  i n  t h e  c e n t r a l  r e g i o n .  T h i s  i s  a ccom pan ied  by a 
l e s s e r  d e c re a s e  i n  t h e  p e r c e n ta g e  o f  AflPase a c t i v i t y .  The n e t  
r e s u l t  i s  a s l i g h t  i n c r e a s e , f r o m  4 . 9  t o  5 .1  -  f o l d , o f  t h e  p u r i t y  
o f  t h e  p .m .  f r a g m e n t s  i n  t h e  c e n t r a l  r e g i o n  t o g e t h e r  u i t h  a 
d e c re a s e  i n  t h e i r  y i e l d
C o n t a m i n a t i o n  f ro m  e - r .  v e s i c l e s  uas o b v i o u s l y  s t i l l  
s u b s t a n t i a l  u n de r  t h e s e  c o n d i t i o n s ,  and so i n  a s u b s e q u e n t  
ru n  t h e  l e a d  c o n c e n t r a t i o n  uas i n c r e a s e d  s t i l l  f u r t h e r  t o  
1mfl ( f i g  6 . 3 . )  T h i s  gave a s e p a r a t i o n  much b e t t e r  t h a n  
a n y t h i n g  h i t h e r t o  a c h ie v e d .  Thus i n  t h e  c e n t r a l  r e g i o n  AflPase 
a c t i v i t y  uas a lm o s t  c o n p l e t e l y  f r e e  o f  G6Pase a c t i v i t y ,  y i e l d i n g
1 1 - f o l d  p u r i f i e d  p^m. f r a g m e n t s  as ju d g e d  by AflPase a c t i v i t y .  
O n ly  2.1/6 o f  t h e  r e c o v e r e d  G6Pase a c t i v i t y  uas fo u n d  i n  t h i s  
r e g i o n  as compared t o  43.3/6 o f  t h e  AflPase. So th e  s e p a r a t i o n  
o f  p .m .  f ro m  e . r  f r a g m e n ts  t h a t  had a t  t im e s  seemed 
i n t r a c t a b l e  had been a c h ie v e d .  The i n c r e a s e  i n  t h e  d e n s i t y  
o f  t h e  e . r .  v e s i c l e s w a s  a t  t h i s  t im e  t h o u g h t  t o  be e x p l a i n e d  
by t h e  p re d ic a te d  d e p o s i t i o n  o f  l e a d  p h o s p h a te  on t h e  e . r .  
membranes. P r i o r  t o  f u r t h e r  s t u d y i n g  th e  enzym o logy  o f  t h e  
i s o l a t e d  p .m .  v e s i c l e s  and a p p l y i n g  t h e  t e c h n i q u e  t o  hepa tom a,  
i t  uas c o n s id e r e d  n e c e s s a r y  t o  p e r f o r m  c o n t r o l  e x p e r i m e n t s  and,  
a f t e r ,  t o  i n v e s t i g a t e  h i g h e r  l e a d  c o n c e n t r a t i o n s  i n  an a t t e m p t  
t o  im p ro v e  t h e  e f f i c a c y  o f  t h e  s e p a r a t i o n  s t i l l  f u r t h e r .
The r e s u l t s  o f  t h e  c o n t r o l  e x p e r im e n t s  r e n d e r e d  t h e  l a t t e r  
u n n e c e s s a ry  and i n v a l i d a t e d  t h e  p ro p o s e d  e x p l a n a t i o n  o f  t h e  
s e p a r a t i o n .
2+2. P r e - i n c u b a t i o n  o f  m ic rosom es u i t h  Pb b u t  u i t h o u t  
q l u c o s e - 6 - p h o s p h a t e .
I n  t h e  f o l l o u i n g  s e r i e s  o f  e x p e r i m e n t s et h e  p r e p a r a t i o n
and p r e - i n c u b a t i o n  o f  t h e  m ic rosom es uas as d e s c r i b e d  i n  t h e
p r e c e d i n g  s e c t i o n ,  e x c e p t  t h a t  no g l u c o s e - 6 - p h o s p h a t e  uas
i n c l u d e d  i n  t h e  p r e - i n c u b a t i o n  medium. Under th e s e  c o n d i t i o n s ,
t h e r e  i s  no l e a d  p h o s p h a te  d e p o s i t i o n  on t h e  e . r .  membranes,
e x c e p t  f o r  t h e  p o s s i b l e  m i n im a l  d e p o s i t i o n  due t o  t h e
2+c o m b in a t i o n  o f  Pb ' i o n s  u i t h  f r e e  i n o r g a n i c  p h o s p h a te  a s s o c i a t e d
u i t h  t h e  e . r .  Houever  some r e d i s t r i b u t i o n  o f  v e s i c l e s  as
2+compared t o  r u n s  c a r r i e d  o u t  i n  t h e  absence  o f  Pb , m i g h t  
be e x p e c te d  due t o  a g g r e g a t i o n .
The f i r s t  ’ c o n t r o l '  ru n  uas c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n
2 +  /  >o f  m ic rosom es u i t h  1mfl Pb ( F i g  6 . 7 .  ) .  R e m a rk a b ly ,  a s i m i l a r
s e p a r a t i o n  t o  t h a t  o b t a i n e d  uhen m ic rosom es u e r e  p r e - i n c u b a t e d
2 +  /  \  u e re  1mfl Pb and G6P ( f i g  6 . 3 ;  uas o b t a i n e d ,  i . e .  t h e r e  i s
a c e n t r a l  r e g i o n  o f  t h e  g r a d i e n t  b e t u e e n ^  = 1 .0 9  and/o = 1 .1 7
c o n t a i n i n g  c o n s i d e r a b l e  AflPase u i t h  no d e t e c t a b l e  c o n t a m i n a t i o n
byG 6Pa .se .  The main d i f f e r e n c e  b e tu e e n  th e s e  tu o  s e p a r a t i o n s
i s  i n  t h e  p e r c e n t a g e  o f  AflPase a c t i v i t y  r e c o v e r e d  i n  t h i s
c e n t r a l  r e g i o n .  I n  t h e  absence  o f  G6P i n  t h e  p r e - i n c u b a t i o n
medium i t  c o n t a i n e d  30.5% o f  t h e  r e c o v e r e d  a c t i v i t y  f o r  t h i s
enzyme as compared t o  43.3% uhen G6P uas p r e s e n t  d u r i n g
p r e - i n c u b a t i o n .  On ly  0.2% o f  t h e  r e c o v e r e d  G6Pase a c t i v i t y
and 3.3% o f  t h e  p r o t e i n  uas fo u n d  i n  t h i s  r e g i o n ,  n e a r l y  a l l
b e in g  r e c o v e r e d  a t  a d e n s i t y  g r e a t e r  t h a n  1 . 1 7 .  A r e l a t i v e
s p e c i f i c  a c t i v i t y  u i t h  r e s p e c t  t o  t h e  homogenate  o f  1 3 .9  uas
fo u n d  f o r  AflPase b e tu e e n  >o = 1 .1 3  and 1 . 1 6 .
/ °
S in c e  t h e  p re s e n c e  o f  G6P i n  t h e  p r e - i n c u b a t i o n  medium 
uas n o t  p r e - r e q u i s i t e  f o r  t h i s  s e p a r a t i o n ,  t h e  e a r l i e r  
e x p l a n a t i o n ,  i . e .  l e a d  p h o s p h a te  d e p o s i t i o n  on e . r .  membranes 
c a u s in g  an i n c r e a s e  i n  t h e  b u o y a n t  d e n s i t y ,  nou became 
u n t e n B a b l e  R a t h e r ,  t h e  s e p a r a t i o n  seemed t o  depend on a 
s e l e c t i v e  b i n d i n g  o f  l e a d  t o  t h e  e . r .  v e s i c l e s ,  u h i l e  a p o r t i o n  
o f  t h e  p .m .  v e s i c l e s  re m a in e d  u n a f f e c t e d .
As m e n t io n e d  above t h e  y i e l d  o f  p u r i f i e d  p .m .  v e s i c l e s
uas re d u c e d  as compared t o  uhen th e  m ic rosom es  u e r e  t r e a t e d  
2 +u i t h  1 mfl P b “ and G6P. I t  uas f e l t  t h a t  a h i g h e r  y i e l d  m i g h t
be o b t a i n e d  u s in g  l o u e r  l e a d  c o n c e n t r a t i o n s  and hence a s e r i e s
o f  c o n c e n t r a t i o n s  b e tu e en  0 and 0.75mfl  u e r e  u s e d .  The s e p a r a t i o n s
2 +r e s u l t i n g  f ro m  p r e - i n c u b a t i o n  u i t h  0 . 2 5 ,  0 .5  and 0.75mfl  Pb a re
Fig 6.4 Pattern obtained after zonal centrifugation in
a B-XIl/ rotor of a rat live’r microsomal fraction
(equivalent to 5g uhole liver) pre-treated by
2+
sonication and incubation uith 0,25mM Pb" at 
* pH 6.5, Centrifugation uas for 4h at 47,000 rev/
min. See ’Material and Experimental Methods’ for 
d e t a i l s .
Figs *6.56.66.7 As fig 6,4 except that the lead
concentrations during pre-incubation uere O.Smfl,
0.75mM and 1mM respectively.
Fig 6.8 As fig6.5 except that sonication uas omitted
from the pre-incubation step.
Fig 6.9 As figs.6.4 to 6.7 except that no lead uas 
included in the pre-incubation- step.
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shoun in Figs. 6.4, 6.5 and 6.6 respectively.
R e d u c t i o n  o f  t h e  l e a d  c o n c e n t r a t i o n  t o  0 . 7 5 mH ( f i g  6 . 6 . )  
had. o n l y  a m a r g i n a l  e f f e c t  on t h e  s e p a r a t i o n .  Th e re  uas a 
v e r y  s l i g h t  i n c r e a s e  t o  3 1 . 4 ^  i n  t h e  AMPase a c t i v i t y  r e c o v e r e d  
i n  t h e  c e n t r a l  r e g i o n ,  u h e re a s  G6Pase uas u n d e t e c t a b l e  a f t e r  I h  
i n c u b a t i o n .  The AMPase a c t i v i t y  i n  t h e  p .m .  f r a g m e n t s  be tw een  
^ 0 = 1 . 1 0  and ^ 0 = 1 . 1 7  uas 1 5 .8  f o l d  h i g h e r  t h a n  t h a t  o f  t h e  
h o m og e n a te .
n .
A t  0.5mM Pb ( F i g  6 . 5 )  t h e  y i e l d  o f  p u r i f i e d  p .m .  f r a g m e n t s  
uas en®hanced ( 3 8 . 6 ^  o f  t h e  r e c o v e r e d  AMPase a c t i v i t y  i n  t h e  
c e n t r a l  r e g i o n )  u i t h p u t  any l o s s  i n  p u r i t y  -as a r e s u l t  o f  
c o n t a m i n a t i o n  u i t h  e . r .  v e s i c l e s .  On ly  0 * 1 6 ^  o f  t h e  t o t a l  
G6Pase a c t i v i t y  uas fo u n d  b e tu e e n  y O = 1 . 1 0  and 1 . 1 7 , and an 
i n c r e a s e  i n  AMPase a c t i v i t y  o f  1 3 .4  t im e s  uas o b s e r v e d .
2 +0.25mM Pb i n  t h e  p r e - i n c u b a t i o n  s t e p  l e d  t o  i n c o m p l e t e  
s e p a r a t i o n  o f  AMPase f ro m  G6Pase a c t i v i t y .  Thus u h i l e  6Z% o f  t h e  
AMPase a c t i v i t y  banded i n  t h e  c e n t r a l  r e g i o n ,  t h i s  uas 
accom pan ied  by 57$ o f  t h e  G6Pase. The n e t  r e s u l t  uas a d r a s t i c  
r e d u c t i o n  t o  2 .7  - f o l d  i n  t h e  p u r i f i c a t i o n  o f  p .m .
These p i l o t  e x p e r i m e n t s  shoued 0.5mM t o  be t h e  o p t i m a l  
c o n c e n t r a t i o n  o f  l e a d  i n  t h e  p r e - i n c u b a t i o n  medium and t h i s  
c o n c e n t r a t i o n ,  o r  0.6mM, u e re  used i n  a l l  s u b s e q u e n t  r o u t i n e  
p .m . s e p a r a t i o n s  u i t h  n o rm a l  r a t  l i v e r .
The l e a d  p r e - i n c u b a t i o n  t e c h n i q u e  i n v o l v e s  a s o n i c a t i o n  and 
an i n c u b a t i o n  s t e p .  F i g .  6 .8  and 6 . 9  shou b o th  t h e s e  t o  be 
p r e - r e q u i s i t e ,  f o r  a s u c c e s f u l  p .m .  i s o l a t i o n .
In the experiment shoun in Fig. 6.8, sonication uas omitted,
e . r .  and p . m . ,  u h i c h  a re  c o n s e q u e n t l y  r e c o v e r e d  a b o v e y 3 = 1 . 1 8 .  
92.4% o f  AMPase and 100% o f  G6Pase a c t i v i t y  banded i n  t h i s  
r e g i o n .  A mere 6.9% o f  t h e  AMPase a c t i v i t y  uas r e c o v e r e d  b e tu e e n
F ig  6 . 9  i l l u s t r a t e s • th e  p a t t e r n  o b t a i n e d  uhen t h e  pre*. 
i n c u b a t i o n  p r o c e d u r e  i s  c a r r i e d  o u t  e x a c t l y  as d e s c r i b e d  i n  
C h a p te r  2 . E . ,  b u t  i n  t h e  absence  o f  l e a d .  The d i s t r i b u t i o n  o f  
a c t i v i t i e s  i n  t h i s  case i s  v e r y  s i m i l a r  t o  t h a t  u i t h  an 
u n s o n i c a t e d  p o s t - l y s o s o m a l  f r a c t i o n  e x c e p t ,  o f  c o u r s e ,  t h a t  
s o l u b l e  m a t e r i a l  i s  p r a c t i c a l l y  a b s e n t  as a m ic r o s o m a l  p e l l e t  
uas used ,  (see  F i g .  4 .1  -  4 . 3 . ) .  The r e g i o n  b e tu e e n
The d i s t r i b u t i o n  o f  t h e  o t h e r  enzymes shoun i n  F i g  6 . 9  i s  
d i s c u s s e d  l a t e r .
3. The d i s t r i b u t i o n  o f  l e a d  and i t s  a f f e c t  on enzyme a c t i v i t y
A k n o u le d g e  o f  t h e  d i s t r i b u t i o n  o f  l e a d  i o n s  i n  t h e  g r a d i e n t
i t  uas f e l t ,  u o u l d  be . u s e f u l  f i r s t l y ,  i n  h e l p i n g  t o  e x p l a i n  t h e
s e p a r a t i o n  and,  s e c o n d l y  t o  a s c e r t a i n  u h e t h e r  t h e  l e v e l s  i n  each
f r a c t i o n  u o u l d  have any i n h i b i t o r y  e f f e c t  on enzyme a c t i v i t y .
For  t h i s  re a s o n  t h e  l e a d  c o n t e n t  o f  a s e l e c t i o n  o f  z o n a l  f r a c t i o n
2+o b t a i n e d  a f t e r  p r e - i n c u b a t i o n  o f  m ic rosom es  u i t h  0.5mM Pb , 
uas asse ssed  u i t h  e x t e r n a l  c o l l a b o r a t i o n  ( F i g .  6 . 1 0 ) .
The l e a d  i o n s  c l o s e l y  p a r a l l e l  t h e  p r o t e i n  and G6Pase 
d i s t r i b u t i o n s  t h e r e  b e in g  v e r y  l o u  l e v e l s  (7 -  2 4 y j g )  i n  
f r a c t i o n s  14 -  20, t h e  p u r i f i e d  p .m .  r e g i o n ,  u h e re a s  f r a c t i o n  29/
r e s u l t i n g  i n  a g g r e g a t i o n  c f  n e a r l y  a l l  t h e  membrane v e s i c l e s *
and 1 .1 8  c o n t a i n s  o v e r 8055 o f  b o th  APlPase and G6Pase a c t i v i t i e s .
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F i g. 6 , 10 Distribution of lead ions, as compared to 
\ protein, G 6 P a s e and AMPase, for a run carried
out after pre-incubation of microsomes, 
equivalent to 5g uhole liver, uith Q.OmM 
Pb2 v  Centrifugation uas for 3h at 47,000, 
rev/min in a B-XIl/ rotor. The amount of lead 
J{j q) present in the fractions assayed is shoun 
in parentheses
t h e  peak o f  p r o t e i n  and G6Pase a c t i v i t y , c o n t a i n s  6 7 2 /< g  o f  l e a d  
T h i s  c o n f i r m s  t h a t  t h e  l e a d  b in d s  t o  t h e  e . r .  and a p o r t i o n  o f  
t h e  p . m . ,  w h i l e  some o f  t h e  p .m. f r a g m e n t s ,  t h o s e  r e c o v e r e d  i n  
t h e  c e n t r a l  r e g i o n , a r e  u n a f f e c t e d  by l e a d .  The l e v e l s  fo u n d  i n  
t h e  z o n a l  f r a c t i o n s  a r e  i n s u f f i c i e n t  t o  cause i n h i b i t i o n  o f
AMPase o r  G6Pase a c t i v i t y .  F i t z i m o n s  (1 9 69 )  d e m o n s t r a t e d  t h a t
2 + / . c o n c e n t r a t i o n  o f  0.36mM Pb f o r  5 *- n u c l e o t i d a s e  (a s s a y e d  as
UMPase) and 0.44mM f o r  G6Pase e x h i b i t e d  no i n h i b i t o r y  e f f e c t
on t h e  m ic ro s o m a l  a c t i v i t i e s  o f  t h e s e  enzymes. The h i g h e s t
l e a d  c o n c e n t r a t i o n  i n  any o f  t h e  z o n a l  f r a c t i o n s  i n  t h e  ru n  i n
F i g .  6 .1 0  ( t h a t  i n  f r a c t i o n  29)  was 0.16mM.
The e f f e c t  o f  t h e  i n i t i a l  s o n i c a t i o n  and l e a d  i n c u b a t i o n  
o f  t h e  m ic ro s o m a l  f r a c t i o n  on enzyme a c t i v i t i e s  uas s t u d i e d  by 
r o u t i n e l y  a s s a y in g  t h e  f r a c t i o n  b o th  b e f o r e  and a f t e r  t h e  
t r e a t m e n t .  The r e s u l t s  o f  t h e s e  assays  a re  g i v e n  i n  T a b le  6 .2 .. 
One b ro ad  comment can be made on t h i s  d a t a ,  w h ic h  i s  t h a t  t h e  
l e a d  t r e a t m e n t  had l i t t l e  e f f e c t  on any o f  t h e  a c t i v i t i e s  
s t u d i e d .  The re  was a q u i t e  s u b s t a n t i a l  r e d u c t i o n  i n  a c i d  
p h o s p h a ta s e  a c t i v i t y  (a ssa ye d  a s ^ - g l y c e r o p h o s p h a t a s e  and 
p - n i t r o p h e n y l p h o s p h a t a s e ) a f t e r  t r e a t m e n t , b u t  t h i s  o b s e r v a t i o n  
i s  based on one d e t e r m i n a t i o n  o n l y ,  so may n o t  be s i g n i f i c a n t .
4 .  The d i s t r i b u t o n  and s t u d y  o f  o t h e r  a c t i v i t i e s  a s s o c i a t e d  
w i t h  t h e  m ic ro s o m a l  p .m.
The e x p e r im e n t s  d e s c r i b e d  e a r l i e r  showed t h a t  p lasm a 
membrane f ra g m e n ts  c o u ld  be s e p a r a t e d  f ro m  th e  m ic r o s o m a l  
f r a c t i o n  f o l l o w i n g  p r e * i n c u b a t i o n  u i t h  l e a d .  As d i s c u s s e d  i n  
t h e  i n t r o d u c t i o n ,  t h e r e  i s  re a s o n  t o  b e l i e v e  t h a t  t h e  p lasma 
membrane w h ic h  f r a g m e n t s  t o  m ic rosom es  may have d i f f e r e n t
TABLE :
The effect of the lead pre-incubation technique on 
microsomal enzyme activity. The microsomal fractions were 
assayed before and after sonication and treatment uith lead 
(0.5 - 1mfvl), The figures give the mean percentage of 
activity (_+ standard deviation) recovered after treatment 
and the mean specific activity (+_ standard deviation) of the 
treated fraction relative to the untreated fraction.
Enzyme
No, of 
assays etl£L recovery
Relative specific 
activity (untreated 
fraction = 1)
(Protein 19 95.3+10.6 )
AMPase. 19
G6Pase 18
Alk.pNPPase 7
A1 k. p ’ d i e’a s e 6
LNA
-x-.
Alk^GPase(dog) 2 
Acid pNPPase 1
1A c i d j 3  G P a s e 
Aik.RNase
c y t  b5
90.1+12.6 
92.6+22*1 
98.6+16.3 
106.9+26.1 
91.7+19.7 
107.3+30.8 
76.5 
75.1 
110.7 
107.6
0.945+0.109
0.986+0.228
0.977+0.158
1.093+0.341
0.925+0.145
0.945+0.187
0.761
0,749
0.932
1.065
* This enzyme uas undetectable in rat liver. The figures 
given are for dog liver.
Table 6.3
P e r c e n t a g e s ,  u i t h  r e s p e c t  t o  homogenate ,  o f  v a r i o u s  
a c t i v i t i e s  fo u n d  i n  t h e  m ic r o s o m a l  f r a c t i o n  p r e p a r e d  
as d e s c r i b e d  i n  M a t e r i a l s  and E x p e r i m e n t a l  M e th o d s 1. 
R e s u l t s  a re  g i v e n  as mean + s t a n d a r d  d e v i a t i o n ,  u i t h
t h e number o f d e t e r m i n a t i o n s  i n p a ren t h e s e s .
Par a m e t e r . % f o u n d  i n M ic ro s o m a l
F r a c t i o n
Pro t e i n 1 9 .4 + 3 .3 4 ( 1 2 )
AMPase 2 0 .8 + 4 .3 5 ( 1 2 )
G6P ase 3 6 .5 + 1 3 .8 3 ( 1 2 )
LNA 2 6 .0 + 3 .71 (3)
A ik . pNPPase 1 8 .0 + 4 .9 3 (4)
A i k . p 1 d i e  1ase 33 .1 + 5 .2 7 (4)
A i k . RNase 3 3 .4 + ' 3 . 9 7 (3)
m o r p h o l o g i c a l  o r i g i n  f ro m  t h a t  u h i c h  re m a in s  as l a r g e  s h e e t s .
In  t h e  f o l l o w i n g  e x p e r i m e n t s ,  t h e  p r o p e r t i e s  o f  t h e  m ic ro s o m a l
p lasma membrane u e re  s t u d i e d  and compared t o  t h o s e  o f  t h e
plasma membrane p r e p a r e d  f ro m  t h e  c ru d e  n u c l e a r  f r a c t i o n  by t h e
method o f  H in t o n  jet  ajL (1 9 7 0 )  - A t t e n t i o n  uas fo c u s e d
e x p e c i a l l y  on t h e  enzymes L - l e u c y l - / 3  -  n a p h t h y l a m id a s e ,1 al
a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e  and a l k J B i n e  p h o s p h o d i e s t e r a s e ,  
u h i c h  a p pea red  t o  be p r e d o m i n a n t l y  p r e s e n t  i n  t h e  p lasm a membrane^ 
and a l k a l i n e  r i b o n u c l e a s e .  The p e r c e n t a g e s  o f  t h e s e  enzymes, 
t o g e t h e r  u i t h  AMPase, G6Pase and p r o t e i n ,  s e d i m e n t i n g  i n  t h e  
m ic r o s o m a l  f r a c t i o n  a re  g i v e n  i n  T a b le  6 . 3 .  T y p i c a l l y  a f i f t h  
o f  t h e  homogenates  AMPase uas r e c o v e r e d  i n  t h e  m ic r o s o m a l  
f r a c t i o n .  S i m i l a r  r e c o v e r i e s  u e re  o b s e rv e d  f o r  a l k a l i n e ,  
p h o s p h a ta s e ^  s l i g h t l y  h i g h e r  v a l u e s  f o r  LNA, and q u i t e  
s u b s t a n t i a l l y  h i g h e r  f o r  a l k a l i n e  p h o s p h o d i e s t e r a s e  and 
a l k a l i n e  r i b o n u c l e a s e .  The l a r g e  v a r i a b i l i t y  i n  t h e  p r o p o r t i o n  
o f  G6Pase fo u n d  i n  t h e  m ic ro s o m a l  f r a c t i o n  i s  p r o b a b l y  m a i n l y  
due t o  t h e  f a c t  t h a t  v a r i a b l e  amounts  o f  t h e  * f l u f f y  l a y e r *  
( c o n t a i n i n g  ro u g h  e . r .  f r a g m e n t s )  u e r e  p o u re d  o f f  u i t h  t h e  
p o s t - l y s o s o m a l  s u p e r n a t a n t  a f t e r  t h e  i n i t i a l  10 m i n . ,  9 ,3 0 0  
r e v / m i n  s p i n .  T h i s  * f l u f f y  l a y e r *  a p p e a rs  o v e r  t h e  p e l l e t  
and,  u n l i k e  t h e  p e l l e t  i t s e l f ,  i s  n o t  co m p ac ted .
F i g s .  6 .11  -  6 . 1 3  shou t h e  d i s t r i b u t i o n  o f  LNA, a l k a l i n e
p h o s p h a t a s e ,  a l k a l i n e  p h o s p h o d ie s t e r a s e  and a l k a l i n e  RNase
compared t o  t h a t  o f  AMPase f o r  r u n s  c a r r i e d  o u t  u n d e r  s t a n d a r d
c o n d i t i o n s  a f t e r  p r e - i n c u b a t i o n  o f  a m ic r o s o m a l  f r a c t i o n  u i t h  
2+O.SmM Pb . I n  a l l  cases  G6Pase uas u n d e t e c t a b l e  i n  t h e  c e n t r a l  
r e g i o n  ( - 1 .0 9  -  1 . 1 7 )  o f  t h e  g r a d i e n t .  A l l  f o u r  enzymes 
m e n t io n e d  a t  t h e  s t a r t  o f  t h e  p a r a g r a p h  u e r e  p r e s e n t  i n  t h e  c e n t r a l
r e g i o n  i n d i c a t i n g  t h e i r  a s s o c i a t i o n  u i t h  t h e  p .m .  H o u e ve r ,  
d i f f e r e n c e s  f ro m  t h e  d i s t r i b u t i o n  o f  AMPase u e re  o b s e rv e d  f o r  
e v e r y  enzyme.
The most  marked d i f f e r e n c e s  f ro m  t h e  d i s t r i b u t i o n  o f  AMPase 
a r e  fo u n d  u i t h  LNA ( F i g .  6 .1 1 )  The p r o p o r t i o n  o f  LNA i n  th e  
c e n t r a l  r e g i o n  (14 .7%  o f  t h e  r e c o v e r e d  a c t i v i t y  as compared u i t h  
29.7% o f  t h e  r e c o v e r e d  AMPase i n  t h e  ru n  sh o u n ) i s  r e l a t i v e l y  l o u  
u i t h  a c o n s e q u e n t l y  h i g h  p r o p o r t i o n  i n  t h e  heavy  r e g i o n  (76% 
as compared t o  63.7% f o r  AMPase). T h i s  i s  s i m i l a r  t o  t h e  p a t t e r n  
o b s e rv e d  uhen c e n t r i f u g a t i o n  uas c a r r i e d  o u t  i n  t h e  p re s e n c e  o f  
Mg^+ i o n s  ( F i g  5 . 2 ( f ) ) ,  and ,  as i n  t h e  l a t t e r ' c a s e ,  some o f  t h e  
e x ce ss  LNA a c t i v i t y  i n  t h e  heavy  r e g i o n  may be e x p l a i n e d  by th e  
p re s e n c e  o f  LNA a c t i v i t y  i n  l y s o s o m e s .  I n  a d d i t i o n  t o  t h i s  
d i f f e r e n c e  i n  p r o p o r t i o n  b e tu e e n  t h e  t u o  peaks  t h e  d i s t r i b u t i o n  
o f  LNA u i t h i n  t h e  c e n t r a l  r e g i o n  i s  q u i t e  d i f f e r e n t  f r o m  t h a t  
o f  AMPase. Thus u h i l e  t h e r e  i s  a peak o f  AMPase a c t i v i t y  
a t^ o  = 1 .1 .50 , t h e  peak f o r  LNA i n  t h i s  r e g i o n  i s  a t ^ o = 1 . 1 7 0 .
S im i la r  r e s u l t s  u e re  o b t a i n e d  i n  a ru n  i n  u h i c h  s e p a r a t i o n  o f  
p .m .  f r o m  e . r .  uas  i n c o m p l e t e  i n  t h e  c e n t r a l  r e g i o n  ( t h i s  ru n  
i s  shoun in  F i g .  6 . 2 . ) ,  u h e re  41% o f  t h e  AMPase uas f o u n d  i n  t h e  
c e n t r a l  r e g i o n ,  u i t h  o n l y  24% o f  t h e  LNA a c t i v i t y .
The d i s t r i b u t i o n  o f  a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e  
compared t o  AMPase i s  shoun g r a p h i c a l l y  i n  F i g  6 . 1 2 ,  f o r  a ru n  
c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n  u i t h  0.5mM and i n  t a b u l a r  fo rm  
f o r  r u n s  c a r r i e d  o u t  u n de r  t h r e e  s e t s  o f  c o n d i t i o n s  i n  t a b l e  6 . 4 .  
As u i t h  LNA t h e r e  i s  a p a u c i t y  o f  a l k a l i n e  p h o s p h a ta s e  compared
t o  AMPase i n  t h e  c e n t r a l  r e g i o n  u n d e r  s t a n d a r d  c o n d i t i o n s  ( i . e .
2+ \p r e - i n c u b a t i o n  u i t h  0.5mM Pb ) .  T h i s  uas a l s o  o b s e r v e d  m  a
i F i g .  6 . 1 1 .  The d i s t r i b u t i o n  o f  L - l e u c y L @ n a p t h y la m id a s e  
a c t i v i t y ,  compared t o  t h a t  o f  AMPase and p r o t e i n  a f t e r  
a m ic r o s o m a l  f r a c t i o n  e q u i v a l e n t  t o  5g u h o le  l i v e r  had 
been p r e - i n c u b a t e d  u i t h  O.SmM Pb2+ and th e n  s u b j e c t e d  t o  
z o n a l  c e n t r i f u g a t i o n  i n  B -X IV  r o t o r  f o r  4h a t  4 7 ,0 0 0  
r e v / m i n .
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F i g .  6 . 1 2 .  As F ig  6 . 1 1 ,  e x c e p t  t h a t  a l k a l i n e  
p ~ n i t o p h e n y l p h o s p h a t a s e  a c t i v i t y  i s  compared t o  t h a t  
o f  AMPase and p r o t e i n ,  and c e n t r i f u g a t i o n  uas f o r  2-J-h. 
T h i s  s h o r t e r  c e n t r i f u g a t i o n  t im e  uas fo u n d  t o  be 
s u f f i c i e n t  t o  a c h ie v e  i s o p j c n i c  c o n d i t i o n s .
D i s t r i b u t i o n  o f  a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e  a c t i v i t y  
compared t o  t h a t  o f  AMPase a f t e r  a v a r i e t y  o f  p r e - i n c u b a t i o n  
c o n d i t i o n s  u e re  a p p l i e d  t o  t h e  m ic r o s o m a l  f r a c t i o n .
G r a d i e n t  r e g i o n
P r e - I n c u b a t i o n  % o f  t o t a l  r e c o v e r e d  a c t i v i t y
c o n d i t i o n s  Enzyme
AMPase
*0 .5mRPb2+ f l l k .  pNPPase
jO  < 1 . 09 i
9 .6
2 3 .9
o=1 .0 9 - 1
3 8 .0
1 3 .9
.1 7  ^>>1 .17
5 2 .5
6 2 .3
0mr-iPb2+ ftWPase 1 2 .2 8 7 .5 0 . 3
A i k .  pNPPase 2 0 .5 6 2 .4 17.1
1mRPb2+/G0P ARPass • 0 .6 4 7 .9 5 1 .4
A i k .  pNPPase 2 0 .6 31 .1 4 8 .4
^ R e s u l t s  a re  th e  mean o f  t u o e x p e r i m e n t s .
T a b le  6 . 5
D i s t r i b u t i o n s  o f  a l k a l i n e  p h o s p h o d ie s t e r a s e  and AMPase i n  
r u n s  c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n  u i t h  ( a )  0.5mM and
9 .
( b )  0. Pb i o n s .  R e s u l t s  i n  ( a )  a re  g i v e n  as mean + s t a n d a r d  
d e v i a t i o n  f o r  t h r e e  e x p e r i m e n t s .
P e rc e n ta g e s  a re  o f  t o t a l  r e c o v e r e d  a c t i v i t y .
G r a d i e n t  r e g i o n  
% t o t a l  r e c o v e r e d  a c t i v i t y  
^P <1.0 9  . ^ > = 1 . 0 9 -  1 .1 7  yO> 1 .1 7
( a )  AMPase 8 . 0 + 2 . 2  3 5 . B±3 . 1 5 6 . 2 + 5 . 3
A l k . p 1 d i e ' a s e  2 . 8 ^ 0 . 3  1 9 . 0 ^ 0 . 6  7 8 . 2 ^ 0 . 9
( b )  AMPase 1 2 .2  
A i k .  p f d i e 1ase 5 .9
8 7 .5
8 9 .9
0 . 3
4 . 2
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F i g .  6 . 1 3 .  The d i s t r i b u t i o n  o f  p r o t e i n ,  G6Pase, AMPase 
a l k a l i n e  p h o s p h o d ie s t e r a s e  and a l k a l i n e  RNase a f t e r  a 
m ic ro s o m a l  f r a c t i o n  e q u i v a l e n t  t o  5g w ho le  l i v e r  had 
been t r e a t e d  w i t h  0.5mM Pb2+ and s u b j e c t e d  t o  z o n a l  
c e n t r i f u g a t i o n  i n  a B -X IV  r o t o r  f o r  2-Jh a t  4 7 ,0 0 0  r e v / m i n .
c o n t r o l  ru n  c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n  i n  th e  absence o f  le a d
2 +(see  F ig  6 . 9 . )  and a l s o  uhen p r e - i n c u b a t i o n  was w i t h  1mM Pb /G6P 
I n t e r e s t i n g l y  a b o u t  one f i f t h  o f  t h e  a l k a l i n e  p h o s p h a ta s e  
a c t i v i t y  uas r e c o v e r e d  i n  t h e  ‘ s o l u b l e '  r e g i o n  ( ^ o < 1 . 0 9 )  and th e  
p o s s i b i l i t y  e x i s t s  t h a t  t h e  a c t i v i t y  i s  removed f ro m  th e  
membranes d u r i n g  s o n i c a t i o n b u t  p r o b a b l y  i t  i s  due t o  s o l u b l e  
a c t i v i t y  t r a p p e d  i n  t h e  m ic ro s o m a l  p e l l e t .  The e x t r e m e l y  h ig h  
f s o l u b l e f a c t i v i t y  seen i n  e x p e r im e n t s  where a 1 p o s t - l y s o s o m a l  * 
s u p e r n a t a n t  w a s  lo a d e d  l e n d s  w e i g h t  t o  t h e  l a t t e r  h y p o t h e s i s .  
U i t h i n  t h e  c e n t r a l  r e g i o n  o f  t h e  g r a d i e n t  t h e r e  uas l i t t l e  
s e p a r a t i o n  o f  a l k a l i n e  p h o s p h a ta s e  f ro m  AMPase a c t i v i t y  a l t h o u g h  
i n  b o th  r u n s  t h e  peak o f  a l k a l i n e  p h o s p h a ta s e  was a t  a s l i g h t l y  
h i g h e r  d e n s i t y  ( / C =  1. 150 -  1 . 1 5 5 )  t h a n  AMPase (^o = 1 .1 4 0  -  1 .1 4 5  
Some o f  t h e  m ic ro s o m a l  a l k a l i n e  p h o s p h a ta s e  a c t i v i t y  i s  n o t  
a s s o c i a t e d  u i t h  AMPase, as can be seen i n  F ig  6 . 9 .  Thus ,  u i t h  
no l e a d  i n  t h e  p r e - i n c u b a t i o n  medium, 1 7 .1 $  o f  t h e  a l k a l i n e  
p h o s p h a ta s e  a c t i v i t y  uas r e c o v e r e d  a t  d e n s i t i e s  g r e a t e r  t h a n  
1 . 1 7 ,  t o g e t h e r  w i t h  ‘o n l y  0 .3 $  o f  t h e  AMPase a c t i v i t y .
A l k a l i n e  p h o s p h o d ie s t e r a s e  a c t i v i t y  ( a ssa ye d  w i t h  b i s  - p -  
n i t r o p h e n y l p h o s p h a t e  as s u b s t r a t e )  was d i s t r i b u t e d  as shown 
i n  f i g  6 . 1 3  ( c )  a f t e r  p r e - i n c u b a t i o n  w i t h  0.5mM Pb^+ . T h re e  such 
r u n s  were c a r r i e d  o u t  and summary d a ta  f o r  t h e s e  r u n s  i s  g i v e n  
i n  t a b l e  6 . 5 .  A ls o  i n  t a b l e  6 . 5 .  a r e  t h e  r e s u l t s  o f  t h e  ru n  
c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n  i n  t h e  absence  o f  l e a d .
As w i t h  t h e  p r e v i o u s  two enzymes d i s c u s s e d , t h e  p e r c e n t a g e  o f  
a l k a l i n e  p h o s p h o d ie s t e r a s e  fo u n d  i n  t h e  c e n t r a l  r e g i o n  was l o w e r  
th a n  t h a t  o b s e rv e d  f o r  AMPase, w i t h  a c o n c o m i t a n t  e x ce ss  a t  t h e  
heavy  ( ^ 0 ^ 1 . 1 7 )  end o f  t h e  g r a d i e n t  f o r  t h e  r u n s  c a r r i e d  o u t  a f t e r
2 +p r e - i n c u b a t i o n  u i t h  0.5mM Pb . T h e re  uas some s e p a r a t i o n  o f  
a l k a l i n e  p h o s p h o d ie s t e r a s e  f ro m  AMPase even u i t h i n  t h e  c e n t r a l  
r e g i o n  u i t h  t h e  peak o f  a l k a l i n e  p h o s p h o d ie s t e r a s e  a t /D  d  . 1 5 5 - 1 .1 6 0  
compared t o  t h a t  o f  AMPase a t / o = 1 . 1 3 9 - 1 . 1 4 5 .  H o u e ve r ,  i n  c o n t r a s t  
t o  t h e  r e s u l t s  u i t h  a l k a l i n e  phosphatase^  t h e  c o n t r o l  r u n  u i t h  no 
l e a d  i n  t h e  p r e - i n c u b a t i o n  medium, shoued no e xce ss  o f  a l k a l i n e  
p h o s p h o d ie s t e r a s e  i n  t h e  'h e a v y *  r e g i o n .
A l k a l i n e  r i b o n u c l e a s e ,  assayed  a t  pH7.8  i n  t h e  p r e s e n c e  o f
2+Mg i o n s ,  p ro d u ce d  t h e  p a t t e r n  shoun i n  f i g  6 .1 3  ( d ) ,  u i t h  29% 
o f  t h e  r e c o v e r e d  a c t i v i t y  i n  t h e  c e n t r a l  r e g i o n  o f  t h e  g r a d i e n t  
as compared t o  37.3% f o r  AMPase. A g a in ,  t h e  peak o f  a c t i v i t y  
i n  t h i s  r e g i o n  f o r  a l k a l i n e  r i b o n u c l e a s e  uas a t  a s l i g h t l y  h i g h e r  
d e n s i t y  t h a n  t h a t  f o r  AMPase.
I t  uas s u r p r i s i n g  t h a t  none o f  t h e  enzymes c o n s i d e r e d  a bove ,
a l l  o f  u h i c h  have p r e v i o u s l y  been r e p o r t e d  i n  p . m .  p a r a l l e l e d
AMPase i n  t h e  c e n t r a l  r e g i o n  o f  t h e  g r a d i e n t  and a l l  u e r e  p r e s e n t
i n  e xcess  o v e r  AMPase a t  t h e  heavy  end o f  t h e  g r a d i e n t .  In  o r d e r
t o  s t u d y  t h i s  e f f e c t  f u r t h e r ,  p .m .  s h e e t s  p r e p a r e d  f r o m  a c ru d e
n u c l e a r  f r a c t i o n  i n  t h e  s l o u  speed A - X I I  r o t o r  by t h e  p r o c e d u r e
o f  H in t o n  £ t  a l ,  (1 9 7 0 )  (method 4, b u t  o m i t t i n g  t h e  f l o t a t i o n
2+s t e p )  u e re  s u b j e c t e d  t o  t r e a t m e n t  u i t h  0.5mM Pb and 
c e n t r i f u g a t i o n  i n  t h e  B - X I \J r o t o r .  F u l l  d e t a i l s  o f  t h i s  
e x p e r i m e n t  and t h e  r e s u l t s  o b t a i n e d  a r e  g i v e n  i n  F i g . 6 . 1 4 .
LNA and AMPase a c t i v i t i e s  p a r a l l e l e d  each o t h e r  e x a c t l y  u i t h  4.3% 
o f  t h e  LNA and 4.5% o f  t h e  AMPase d e n s i t i e s  l e s s  t h a n  1 . 0 9 ,  79.8% 
o f  t h e  LNA and79.3% o f  t h e  AMPase i n  t h e  c e n t r a l  r e g i o n  
( ^ o = 1 .0 9  -  1 . 1 7 )  and 16.2% o f  t h e  LNA and 15.9% o f  t h e  AMPase 
i n  t h e  r e g i o n  o f  d e n s i t y  g r e a t e r  t h a n  1 . 1 7 .  Bo th  enzymes e x h i b i t e d
F i g ,  6 . 1 4 .  D i s t r i b u t i o n  o f  AMPase, LNA, a l k a l i n e  
p - n i t r o p h e n y l p h o s p h a t a s e  and a l k a l i n e  p h o s p h o d ie s t e r a s e  
a f t e r  s e p a r a t i o n  o f  p . m . s h e e t s , p r e p a r e d  f ro m  a c ru d e  
n u c l e a r  f r a c t i o n ,  and t r e a t e d  u i t h  0 .5  ml7] Pb^+ and by 
s o n i c a t i o n ,  by c e n t r i f u g a t i o n  f o r  2^-h i n  a B -X I l /  r o t o r  
a t  4 7 ,0 0 0  r e v / m i n .  The p .m .  s h e e t s  u e re  p re p a r e d  by 
th e  method o f  H in t o n  ej: al . .  (1 9 7 0 )  u s in g  an A - X I I  r o t o r .  
30 ml o f  each o f  t h e  3 f r a c t i o n s  c o n s t i t u t i n g  th e  p .m .  
peak (as  j u d g e d  by AMPase a c t i v i t y )  o f  th e  A - X I I  
s e p a r a t i o n  ue re  p o o l e d ,  d i l u t e d  t o  200ml and 1 m 1 I f7] T r i s  
pH 7 .4  added.  The r e s u l t i n g  s u s p e n s io n  uas c e n t r i f u g e d  
f o r  1h i n  an 8x50ml r o t o r  i n  th e  MSE s u p e r - s p e e d  65 
C e n t r i f u g e  a t  4 0 ,0 0 0  re v / /m in .  The r e s u l t i n g  p e l l e t  
uas re su sp e n d e d  i n  0.25!^ Sucrose/5mM T r i s  pH 7 .4  u i t h  
10 s t r o k e s  o f  a P o t t e r - E l v e h j e m  h o m o g e n is e r ,  s u b j e c t e d  
t o  t r e a t m e n t  u i t h  0.5ml7] Pb^+ and s o n i c a t i o n  e x a c t l y  as 
d e s c r i b e d  f o r  th e  m ic ro s o m a l  f r a c t i o n  i n  c h a p t e r  2 , and 
lo a d e d  o n to  th e  B — XIV/ r o t o r .
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a s i n g l e  peak o f  a c t i v i t y  a t ^ ) = 1 . 1 3 0 .
A l k a l i n e  p h o s p h o d ie s t e r a s e  and a l k a l i n e  p h o s p h a ta s e  a c t i v i t i e s  
u e re  d i s t r i b u t e d  s i m i l a r l y  a l t h o u g h  a l o u e r  p r o p o r t i o n  o f  b o th  
enzymes ' (55..4% f o r  a l k a l i n e  p h o s p h a ta s e  and 68.3%  a l k a l i n e  
p h o s p h o d i e s t e r a s e )  uas r e c o v e r e d  i n  t h e  c e n t r a l  r e g i o n  u i t h  
c o n c o m i t a n t l y  h i g h e r  p r o p o r t i o n s  a t  t h e  heavy  end o f  t h e  g r a d i e n t .
5• R e l a t i v e  s p e c i f i c  a c t i v i t i e s  and p r o p e r t i e s  o f  enzymes 
a s s o c i a t e d  u i t h  t h e  p u r i f i e d  M i c r o s o m a l 1 p .m .  and 
c o m p a r is o n  u i t h  N u c l e a r 1 p .m .
T a b le  6 .6  sum m ar ises  th e  r e l a t i v e  s p e c i f i c  a c t i v i t i e s
and y i e l d  o f  v a r i o u s  enzymes a s s o c i a t e d  u i t h  t h e  m ic r o s o m a l
p . m . .  The f i g u r e s  r e f e r  t o  m a t e r i a l  b a n d in g  b e tu e e n ^ ©  =T. 1Q
a n d ^ - 1 . 1 4  i n  t h e  B -X IV  r o t o r  a f t e r  p r e - i n c u b a t i o n  u i t h  
2 +0.5mM Pb . T y p i c a l l y ,  s p e c i f i c  a c t i v i t i e s  u e r e  a s s e sse d  u i t h  
re s u s p e n d e d  p e l l e t s  o b t a i n e d  a f t e r  d i l u t i o n  and c e n t r i f u g a t i o n  
o f  t h e  r e l e v a n t  z o n a l  f r a c t i o n s .  A mean p u r i f i c a t i o n  o f  1 2 . 4 - f o l d  
u i t h  r e s p e c t  t o  t h e  homogenate , as j u d g e d  by AMPase a c t i v i t y ,  uas 
o b t a i n e d  f o r  t h e  m ic ro s o m a l  p .m . .  None o f  t h e  o t h e r  p .m .  enzymes 
a s s a y e d ,  namely  LNA, a l k a l i n e  p h o s p h a ta s e  and a l k a l i n e  
p h o s p h o d ie s t e r a s e  u e re  e n r i c h e d  t o  t h e  same e x t e n t  n o r  uas t h e  
y i e l d  as h i g h .  T h i s  i s  a consequence  o f  t h e  l o u  a c t i v i t i e s  
compared t o  AMPase o f  t h e s e  enzymes i n  t h e  p .m .  r e g i o n ( d i s c u s e e d  
a b o ve )  comb ined  u i t h  t h e  f a c t  t h a t  a l l  t h r e e  enzymes p o sse ss  
c o n s i d e r a b l e  s o l u b l e  a c t i v i t y .  G6Pase, n o r m a l l y  u n d e t e c t a b l e  
i n  z o n a l  f r a c t i o n s  f ro m  th e  p*m. r e g i o n  uas j u s t  d e t e c t a b l e  i n  
t h e  more c o n c e n t r a t e d  re s u s p e n d e d  p e l l e t s  d e r i v e d  f r o m  th e s e  
f r a c t i o n s .
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T u ic e  p .m .  uas p r e p a r e d  i n  p a r a l l e l  f ro m  t h e  m ic ro s o m a l
f r a c t i o n  by t h e  l e a d  i n c u b a t i o n  t e c h n i q u e  and f ro m  th e  c ru d e
n u c l e a r  f r a c t i o n  by t h e  method o f  H in t o n  ejt a l .  ( 1 9 7 0 )  u s in g
th e  same homogenates as s t a r t i n g  m a t e r i a l .  The mean r e s u l t s
f o r  t h e s e  t u o  e x p e r i m e n t s  a re  shoun i n  t a b l e  6 . 7 .  The ’ c ru d e
n u c l e a r 1 p .m .  uas fo u n d  t o  be more e n r i c h e d  i n  a l l  t h e  enzymes
s t u d i e d ,  d e s p i t e  t h e  f a c t  t h a t  t h e  e n r i c h m e n t  i n  AMPase uas
someuhat  l o u e r  t h a n  t h a t  r e p o r t e d  by H in t o n  and c o - u o r k e r s .
No o t h e r  enzyme s t u d i e d  had as h ig h  a r e l a t i v e  s p e c i f i c
a c t i v i t y  as AMPase i n  e i t h e r  t h e  ’ n u c l e a r *  o r  ’ m i c r o s o m a l *  p .m .
.The most  marked d i f f e r e n c e  b e tu e e n  th e  t u o  p .m . p r e p a r a t i o n s
uas i n  LNA a c t i v i t y  u h i c h  uas e n r i c h e d  o n l y  2 . 1 - f o l d  i n  t h e
m ic ro s o m a l  p . m . ,  compared u i t h  9 . 2 - f o l d  i n  t h e  n u c l e a r  p .m .
A ls o  t h e  m ic ro s o m a l  p .m .  possessed  a c i d  r i b o n u c l e a s e  a c t i v i t y
n e a r l y  t h r e e  t im e s  t h a t  o f  t h e  n u c l e a r  p . m . ,  p r o b a b l y  i n d i c a t i v e
o f  l y s o s o m a l  c o n t a m i n a t i o n  o f  t h e  m ic r o s o m a l  m a t e r i a l .
R ib o n u c le a s e  a c t i v i t y  uas assayed  a t  s e v e r a l  pHs (pH 8 . 9 ,  8 . 0
7 .2  and 5 . 0 ) .  The a c t i v i t y  uas h i g h e s t  a tp H 8 . 9  i n  b o t h  p.m s p e c i e s ,
2 +
u i t h  b o th  s h o u in g  s t i m u l a t i o n  by Mg i o n s .  The s t i m u l a t i o n
uas 4 - f o l d  a t  pH8 u i t h  t h e  ’ n u c l e a r ’ p .m .  and 1 . 6 - f o l d  f o r  t h e
2 +m ic ro s o m a l  p .m .  u i t h  5mM Mg i o n s .  The a c t i v i t y  a t  pH8 uas 
a b o u t  o n e - s i x t h  l o u e r  t h a n  t h a t  a t  pH8.9 i n  b o th  p r e p a r a t i o n s .  
F u r t h e r  u o r k  i n  o u r  l a b o r a t o r y  on p .m .  r i b o n u c l e a s e  a c t i v i t y ,  
e x t e n d i n g  th e  above o b s e r v a t i o n s ,  has been r e p o r t e d  by P r o s p e r o
CHAPTER SEVEN 
STUDIES ON THE ZONAL CENTRIFUGATION
OF HEPATOMA MICROSOMAL MATERIAL
: . i,
I t  uas hoped , a t  t h e  o u t s e t  o f  t h i s  s t u d y  t h a t  a method
f o r  t h e  i s o l a t i o n  o f  m ic r o s o m a l  p .m .  f r a g m e n t s  c o u ld  be r ' a p i d l y
\
d e v e lo p e d  and t h e  t e c h n i q u e  a p p l i e d  t o  hepatoma i n  o r d e r  t o
j .
make a c o m p a r i s o n  u i t h  n o rm a l  l i v e r .  H o u e ve r ,  because  o f  t h e  
p ro b le m s  e n c o u n te r e d  i n  o b t a i n i n g  th e  p u r i f i e d  p .m .  f r o m  n o rm a l  
l i v e r ,  u o r k  on hepatoma uas someuhat  l i m i t e d .  N e v e r t h e l e s s ,  
some i n t e r e s t i n g  r e s u l t s  u e re  o b t a i n e d  as nou d e t a i l e d .
The t r e a t m e n t  o f  hepatoma t i s s u e  uas g e n e r a l l y  s i m i l a r  t o  
n o rm a l  l i v e r  (see  C h a p te r  2E & F ) .  The b a s i c  a s s u m p t io n  uas 
made t h a t  AMPase r e p r e s e n t e d  a m a rke r  f o r  p .m .  and G6Pase f o r  e . r  
i n  hepatoma as u e l l  as i n  l i v e r .
Enzyme s p e c i f i c  a c t i v i t i e s  i n  t h e  UD hepatoma homogenates
u e re  i n  some cases  m a rk e d ly  d i f f e r e n t  f r o m  th o s e  o b s e rv e d  i n
. n o rm a l  l i v e r ,  N o t a b l y  G6Pase uas 3 - f o l d  l o u e r  ( a v e r a g i n g  0 .2 2
^ / m o l e s / m i n / m g  p r o t e i n )  and a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e  Over
— 2 *7 - f o l d  h i g h e r  ( a v e r a g i n g  3. 8 4 x1 0~ y t / m o l e s / m i n / m g  p r o t e i n )  i n  
hepatoma th a n  n o rm a l  l i v e r .  AMPase uas s l i g h t l y  e l e v a t e d  and 
LNA s l i g h t l y  l o u e r e d .  The amounts  o f  G6Pase and p r o t e i n  
\  s e d i m e n t i n g  i n  t h e  m ic ro s o m a l  f r a c t i o n ,  compared t o  t h e  i n i t i a l  
homogenate ,  ( a v e r a g i n g  1 9 . 4 ^  and 7.5/£, r e s p e c t i v e l y )  u e re  someuha 
l o u e r  t h a n  th o s e  seen i n  n o rm a l  l i v e r  (see  t a b l e  6 . 3 ) .  AMPase and 
a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e  h o u e v e r ,  shoued s i m i l a r
p r o p o r t i o n s  ( a v e r a g i n g  17.2% and 19,3%, r e s p e c t i v e l y )  i n  t h e  
hepatoma m ic ro s o m a l  f r a c t i o n s  as i n  n o rm a l  l i v e r .
The ru n  i l l u s t r a t e d  i n  F i g . 7 .1  uas c a r r i e d  o u t  u n d e r  s i m i l a r
c o n d i t i o n s  t o  t h a t  shoun i n  F i g .  4 . 3 ,  b u t  u s in g  m a t e r i a l  f ro m
a U hepatoma r a t h e r  t h a n  n o rm a l  l i v e r .  The d i s t r i b u t i o n s  o f
t h e  v a r i o u s  a c t i v i t i e s  assayed  i s  g i v e n  i n  T a b le  7 . 1 .
G e n e r a l l y ,  t h e  s e p a r a t i o n  o b t a i n e d  i s  s i m i l a r  t o  t h a t  i n  F i g . 4 . 3 . ,
u i t h  t u o  peaks o f  G6Pase a c t i v i t y ,  a l t h o u g h  t h e  l i g h t e r  peak
( c o r r e s p o n d i n g  t o  smooth  e . r . )  i s  v e r y  much s m a l l e r  t h a n  t h a t
o b s e rv e d  f o r  n o rm a l  l i v e r .  A ls o  AMPase, a l k a l i n e  p h o s p h o d i e s t e r a s
and LNA have l a r g e  peaks o f  a c t i v i t y  i n  t h e  c e n t r a l  r e g i o n ,
u i t h / s m a l l e r  peaks a t  t h e  heavy  end o f  t h e  g r a d i e n t .  A s i m i l a r
p a t t e r n  uas o b s e rv e d  f o r  a c i d ^ - g l y c e r o p h o s p h a t a s e , u h i c h  shoued
no i n c r e a s e  i n  a c t i v i t y  a f t e r  f r e e z i n g - a n d - t h a u i n g .  As uas o b s e rv e
i n  n o rm a l  l i v e r  t h e  p h o s p h o d ie s t e r a s e  a c t i v i t i e s ,  b o th  a l k a l i n e
2 +and a c i d ,  u e re  s t i m u l a t e d  by Mg i o n s .  A l k a l i n e  a c t i v i t y  uas a b o u t  
50% h i g h e r  t h a n  a c i d  a c t i v i t y  ( b o t h  assayed  i n  t h e  p re s e n c e  o f
2 + \ rrlMg i o n s )  a t  d e n s i t i e s  g r e a t e r  t h a n  1 . 0 8 ,  b u t  a b o u t  25% l o u e r  i n  
t h e  ’ S o l u b l e *  r e g i o n  ^ 0 < 1 . 0 8 ) .  A 5 - f o l d  p u r i f i c a t i o n  o f  p . m . ,  
as ju d g e d  by AMPase a c t i v i t y ,  uas o b t a i n e d  i n  t h e  r e g i o n
The l e a d  p r e - i n c u b a t i o n  t e c h n i q u e  (see  c h a p t e r  6 )  u s i n g  t h r e e
d i f f e r e n t  l e a d  c o n c e n t r a t i o n s  uas a p p l i e d  t o  UD h e p a to m a s .
S in c e  t h e  amount o f  p r o t e i n  a s s o c i a t e d  u i t h  hepatoma m ic roso m e s
i s  l o u e r  t h a n  t h a t  fo u n d  i n  n o rm a l  l i v e r  m ic rosom es  f o r  e q u i v a l e n t
u e i g h t s  o f  s t a r t i n g  t i s s u e ,  i t  uas c o n s id e r e d  l o g i c a l  t o  t r y ,  i n
t h e  f i r s t  i n s t a n c e ,  a l o u e r  l e a d  c o n c e n t r a t i o n  th a n  the,0.5mM
2 +r o u t i n e l y  used f o r  n o rm a l  l i v e r .  0.4mM Pb uas t h e  c o n c e n t r a t i o n  
chosen and t h e  s u b s e q u e n t  s e p a r a t i o n  i s  i l l u s t r a t e d  i n
Table 7.1
D i s t r i b u t i o n  o f  a c t i v i t i e s  a f t e r  c e n t r i f u g a t i o n  o f  a 
U hepatoma p o s t - l y s o s o m a l  s u p e r n a t a n t  i n  a B -X IV  r o t o r  
f o r  4h a t  4 7 ,0 0 0  r e v / m i n .  F i g u r e s  a re  p e r c e n t a g e s  o f  
t o t a l  r e c o v e r e d  a c t i v i t y  e x c e p t  u h e re  p a r e n t h e s i s e d .
In  t h e  l a t t e r  case a c t i v i t i e s  a re  p e r c e n t a g e s  o f  t o t a l  
r e c o v e r e d  m ic ro s o m a l  a c t i v i t y  ( i . e . ,  a c t i v i t y  h a v in g  an 
i s o p y c n i c  d e n s i t y  g r e a t e r  t h a n  1 . 0 8 )
G r a d i e n t  r e g i o n
P a ra m e te r ^ o d . 0 8
CD 
O
 • 
*
II - 1 . 1 8 ^ > 1 . 1 8
P r o t e i n 8 3 .2 8 .2 ( 4 9 . 1 ) 8 . 5 ( 5 0 . 9 )
AMPase 3 9 .9 5 2 .3 ( 8 7 . 0 ) 7 . 8 ( 1 3 . 0 )
G6Pase 1 0 .9 2 0 .5 ( 2 3 . 0 ) 6 8 . 6 ( 7 7 . 0 )
LNA 7 8 .4 15 .6 ( 7 2 . 0 ) 6 . 0 ( 2 8 . 0 )
Mg^—A i k .  p ' d i e ' a s e 3 9 .8 5 0 .2 ( 8 3 . 3 ) 1 0 . 1 ( 1 6 . 7 )
Mg^“ A c id  p 1d i e * a s e 58 .1 3 4 .0 ( 8 1 . 1 ) 7 . 9 ( 1 8 . 9 )
Ac id^oGPase 7 5 .0 1 9 .0 ( 7 5 . 7 ) 6 . 1 ( 2 4 . 3 )
H0 - 0  A M P a s e  
A * ‘A  A a d
Si
cn o
0 1  c a ^Q 0-5
.A *  v > „
£> t o *
pHf rS *  
□••*□  pn8-s-te i> w  
pH5‘6 -t Mg 
0 - - 0  pH5-6+£»TA
1 0  2 0  
Fraction No.
3 0
F i g .  7 . 1 .  P a t t e r n  ob ta ined s F t e r c e n t r i F u g a t i o n  oF a
hepatoma * post - lysosomal  * f r a c t i o n ,  
e q u iv a le n t  to  6 ,0g hepatoma, i n  a B-XXV 
r o t o r  f o r  4h a t  47 ,000  rev/min® The g r a d i e n t  
u/as bu f f e re d  u/ ith Smfii T r i s  pH8 .6.
. ' f i g  7 . 2 .  R e l a t i v e  - s p e c i f i c  a c t i v i t i e s  o f  most o f  t h e  enzymes 
a ssayed  a re  shown i n  T a b le  7 .2  ( a ) .  D u p l i c a t e  p r o t e i n  a ssa ys  on 
t h e  f r a c t i o n  l o a d e d  o n to  th e  B -X IV  r o t o r  showed i t  t o  c o n t a i n
150 and 220mg f o r  t h e  e q u i v a l e n t  f r a c t i o n  f ro m  n o rm a l  l i v e r .  
D e s p i t e  t h i s  t h e  s e p a r a t i o n  o f  AMPase f ro m  G6Pase a c t i v i t y  i n  t h e
o f  t h e  r e c o v e r e d  G6Pase a c t i v i t y  p r e s e n t  i n  t h i s  r e g i o n .  
C o n s e q u e n t l y  e n r i c h m e n t  o f  AMPase a c t i v i t y  was o n l y  4 . 5 - f o l d  w i t h  
r e s p e c t  t o  t h e  homogenate .  The d i s t r i b u t i o n s  o f  a l k a l i n e  
g l y c e r o p h o s p h a t a s e  and a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e
^ - g l y c e r o p h o s p h a t a s e  was p r e d o m i n a n t l y  (48%) l o c a t e d  a t  d e n s i t i e s  
g r e a t e r  t h a n  1 . 1 7 .
In  o r d e r  t o  a c h ie v e  a m o re  e f f e c t i v e  s e p a r a t i o n  o f  AflPase
f ro m  G6Pase a c t i v i t y  i n  t h e  c e n t r a l  r e g i o n ,  a h i g h e r  l e a d
c o n c e n t r a t i o n ,  0.6m(vl, was t r i e d  i n  a s u b s e q u e n t  e x p e r i m e n t ,  w i t h
th e  r e s u l t s  shown i n  F ig  7 . 3  and t a b l e  7 . 2 ( b ) .  T h e re  was a move
t o  a h i g h e r  mean d e n s i t y  o f  a l l  t h e  p a r a m e te r s  s t u d i e d .  Hence
t h e r e  was a d e s i r e d  r e d u c t i o n  i n  t h e  p r o p o r t i o n  o f  GSPase and
p r o t e i n  r e c o v e r e d  i n  t h e  c e n t r a l  r e g i o n  ( t o  9.3% and 19.4%
r e s p e c t i v e l y )  compared t o  t h e  r u n  c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n  
2 +w i t h  0.4mM Pb . However , t h e  p r o p o r t i o n  o f  AMPase and s i m i l a r l y  
d i s t r i b u t e d  enzymes was a l s o  s u b s t a n t i a l l y  l o w e r e d ,  i n  f a c t  t o  
a g r e a t e r  e x t e n t  t h a n  p r o t e i n .  The n e t  r e s u l t  was t h a t  r e l a t i v e  
s p e c i f i c  a c t i v i t i e s  f o r  t h e s e  enzymes were  lo w  i n  t h e  c e n t r a l  
r e g i o n ,  a l t h o u g h  p r o b a b l y  a r t i f i c a l l y  lo w  because o f  t h e  h i g h  
p r o t e i n  r e c o v e r y  (146%) o b s e rv e d  i n  t h i s  r u n .  The d i s t r i b u t i o n s  
o f  AFIPase, a l k a l i n e  p - n i t r o p h e n y l p h o s p h a t a s e ,  a l k a l i n e
o n l y  62mg p r o t e i n  (7% o f  t h e  homogenate  a s s a y )  compared t o  between
1 . 1 7 )  was n o t  c o m p le t e ,  w i t h  27%
were s i m i l a r  t o  t h a t  o f  AMPase (see  t a b l e  7 .2 ( a ) ) .  A c id
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( i n  p a r e n t h e s e s )  i n  v a r i o u s  r e g i o n s  o f  t h e  g r a d i e n t  a f t e r  
hepatoma m ic ro s o m a l  f r a c t i o n  uas p r e - i n c u b a t e d  u i t h
( a )  0.4mivl - ( b )  0.6mf) and ( c )  O.YBmf) Pb^+ and s u b j e c t e d  t o  
c e n t r i f u g a t i o n  f o r  2-Jh a t  4 7 ,0 0 0  r e v / m i n  i n  t h e  B -X IV  
r o t o r .
G r a d i e n t  r e g i o n
P r o t e i n
AflPase
G6Pase
A l'k . pNPPase
* Alk^SGPase
LNA
f l i c . 
a -
' (-)  
b -
( - ) '  
c -
. (-)
7o< 1.09
22.9
(-)
22 .9
(-)
23 .9
(-)
/> = 1 . 0 9 - 1 . 1 7  
31.1
(-)
19 .4
(-)
0 .6
(-)
py 1 . 17*1 
45 .9
(-)
58.5
(-)
75.5
(-)
a “ 4 .2 73.1 22 .7
r  ( 2 . 4 ) ( 0 . 4 ) ( 4 . 5 ) ( 1 . 0 )
* b " 1.9 31 .5 66 .7
• ‘ ( 1 . 0 ) ( 0 . 1 ) ( 1 . 8 ) ( 1 . 3 )
c ~ 1.3 20 .6 78.1
V ( 3 . 4 ) ( 0 . 2 ) (>20) ( 3 . 0 )
a ” 0 .2 27 .0 72.8
( ( 2 . 4 )
*
( 0 . 0 1 ) ( 1 . 8 ) ( 3 . 3 )
b “ 2 .3 9 .3 88 .4
j (1-3) ( 0 . 2 ) ( 0 . 9 ) ( a . o)
c “ 0 0 100
. • ( 0 . 8 ) (0 ) (0 ) ( 4 . 5 )
a - 7.1 74.5 18.5
r  ( 1 . 5 ) ( 0 . 9 ) ( 7 . 2 ) ( 1 . 2 )
1 b* " 6 .7 34 .0 59 .2
( 3 . 4 ) ( 0 . 5 ) ( 2 . 6 ) ( 1 . 5 )
c ■ _ 5 .4 23.1 71.5
< ( 2 . 6 ) ( 0 . 7 ) (> 2 0 ) ( 2 . 8 )
a - . 0 74 .3 25 .7
'  ( 1 . 7 ) ( 0 ) ( 1 - 3 ) ( 0 . 3 )
b* _ 6 j-O 31 .3 62 .7
•J ( 2 . 3 ) ( 0 . 4 ) ( 2 . 1 ) ( 1 . 4 )
c _ (-) - —
( - ) (-) (-)
a - ■ -
f  (-) (-) (-) (-)
b* - =. • —  '
) (-) ,(-) (-) (-)
c - 3 .9 14.0 82.1
.  C ( 1 . 9 ) ( 1 . 0 ) (> 2 0 ) ( 6 . 8 )
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F i g ,  7 * 2 .  D i s t r i b u t i o n s  o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  o f  
a lilD hepa tom a m ic r o s o m a l  f r a c t i o n  f o r  2^h  a t  
4 7 ,0 0 0  r e v / m i n  i n  a B -X IU  r o t o r .  The m i c r o s o m a l  
f r a c t i o n ,  d e r i v i n g  f r o m  6 ,7 q  h e p a to m a ,  urns 
p r e 7 i n c u b a t e d  w i t h  0• 4miYl Pb •
aZO 3 0
\'Z
4o cs
* > 8 \S
-fractian- no.
F i g .  7 . 3 .  D i s t r i b u t i o n s  o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  o f  
a U/D hepa toma m ic r o s o m a l  f r a c t i o n  f o r  2^h  a t  
4 7 , 0 0 0  r e v / m i n  i n  a B~XIV r o t o r *  The m i c r o s o m a l  
f r a c t i o n ,  d e r i v i n g  f r o m  8 . 2g 2 h e p a to m a ,  was 
p r e - i n c u b a t e d  w i t h  0.«'6mM Pb
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F ig .  7 * 4 .  D i s t r i b u t i o n s  obta ined a f t e r  c e n t r i f u g a t i o n  o f  
a UiD hepatoma microsomal f r a c t i o n  f o r  2^h a t  
47 ,000  re v /min  in  a B-XI l /  r o t o r .  The microsomal  
f r a c t i o n ,  d e r i v i n g  from T^g^hepa toma,  was 
p r e - in c u b a te d  w i th  0.75ml¥l Pb + .
- g l y c e r o p h o s p h a t a s e  and a l k a l i n e  p h o s p h o d ie s t e r a s e  ( n o t  shoun 
i n  t a b l e  7 . 2 ( b )  ) u e re  a l l  v e r y  s i m i l a r .
An i n c r e a s e  t o  0.75mFl i n  t h e  l e a d  c o n c e n t r a t i o n  d u r i n g  
p r e - i n c u b a t i o n  r e s u l t e d  i n  t h e  re m o v a l  o f  a l l  d e t e c t a b l e  
a c t i v i t y  and a lm o s t  a l l  t h e  p r o t e i n  f r o m  th e  c e n t r a l  r e g i o n  
( F i g  7 .4  and T a b le  7 . 2 ( c ) ) .  The r e s u l t i n g  p u r i f i e d  p .m .  i n  t h i s  
r e g i o n  showed a t  l e a s t  2 0 - f o l d  e n r i c h m e n t  i n  AFlPase, a l k a l i n e  
p - n i t r o p h e n y l p h o s p h a t a s e  and LNA a c t i v i t y .  I t  i s  n o t  p o s s i b l e  t o  
be more s p e c i f i c  i n  t h e  p u r i f i c a t i o n  v a lu e  f o r  t h e  p .m .  because  
t h e  v e r y  l o u  amount o f  p r o t e i n  a s s o c i a t e d  w i t h  th e  c e n t r a l  r e g i o n  
made a p r e c i s e  assay  i m p o s s i b l e .  Thus t h e  l e a d  p r e - i n c u b a t i o n  
t e c h n i q u e  was d e m o n s t r a t e d  t o  be s u c c e s s f u l  i n  hepatoma as w e l l  
as l i v e r  f o r  i s o l a t i n g  p u r i f i e d  m ic ro s o m a l  p .m .  f r a g m e n t s .
P r o p e r t i e s  Of Hepatoma F l i c r o s o m a l - p . m . - A s s o c i a t e d  Enzymes
The m ic ro s o m a l  p .m . p h o s p h o d ie s t e r a s e  and r i b o n u c l e a s e  
a c t i v i t i e s  u e re  s t u d i e d  i n  more d e t a i l  u s i n g  t h e  p u r i f i e d  m a t e r i a l  
o b t a i n e d  i n  t h e  r u n s  d e s c r i b e d  a b ove .
F ig  7 . 5 ( b )  shows th e  e f f e c t  o f  pH on a l k a l i n e  p h o s p h o d i e s t e r a
a c t i v i t y  p r e s e n t  i n  t h e  p .m .  r e g i o n  o f  t h e  ru n  shown i n  F i g .  7 . 1 .
T h is  shows th e  peak a c t i v i t y  t o  be a ro u n d  pH8. The homogenate
and m a t e r i a l  f ro m  th e  heavy  end o f  t h e  g r a d i e n t  a l s o  showed peaks
a t  t h e  same pH, w h i l e  m a t e r i a l  f ro m  t h e  s o l u b l e  r e g i o n  p o sse sse d
h i g h e s t  a c t i v i t y  a t  pH4.8  ( i n  DFIG b u f f e r ) .  A l l  t h e  above
2 +d e t e r m i n a t i o n s  were p e r fo r m e d  w i t h  5mFI Fig i n  t h e  i n c u b a t i o n  
medium.
A l k a l i n e  RNase a c t i v i t y  as a f u n c t i o n  o f  pH 
2 +and absence  o f  f ig  i o n s  i s  shown i n  F i g .  7 . 5 ( a ) .
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pH VS. a c t i v i t y  c u r v e s  f o r  ( a )  r i b o n u c l e a s e  and
( b )  p h o s p h o d i e s t e r a s e  a c t i v i t i e s  p r e s e n t  i n  
hepa toma m ic r o s o m a l  p .m .  m a t e r i a l .  See t e x t  
f o r  d e t a i l s .
used f o r  t h e s e  d e t e r m i n a t i o n s  was f ro m  f r a c t i o n s  16 -19  ( a b o u t
7 - f o l d  e n r i c h e d  i n  AFlPase a c t i v i t y )  o f  t h e  ru n  c a r r i e d  o u t  a f t e r
2+p r e - i n c u b a t i o n  w i t h  0.4mFl Pb . The a c t i v i t y ,  b o th  i n  t h e
2+p re s e n c e  and absence o f  Fig showed no v e r y  d i s t i n c t  peak ,
2 +a l t h o u g h  a c t i v i t y  i n  t h e  p re s e n c e  o f  Fig was h i g h e s t  a t  p H 8 .3 .
A t  t h i s  pH a c t i v i t y  was 3 . 6 - f o l d  h i g h e r  i n  t h e  p re s e n c e  o f  5mFl 
Flg^+ th a n  w i t h  5mF! EDTA.
CHAPTER EIGHT:
ELECTRON MICROSCOPIC 
EXAMINATION OP ZONAL 
FRACTIONS
The b i o c h e m i c a l  o b s e r v a t i o n s  d e s c r i b e d  i n  c h a p t e r s  4 ,  5 
and 6 we r e . backed  up by e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n ,  
u s u a l l y  e n t a i l i n g  c y t o c h e m i c a l  s t a i n i n g ,  o f  t h e  v a r i o u s  z o n a l  
f r a c t i o n s .  The d e t a i l s  o f  th e  t e c h n i q u e s  used i n  t h e  p r e p a r a t i o n  
o f  t h e  e l e c t r o n  m i c r o g r a p h s  have been d e s c r i b e d  by F i t z s i m o n s  
(1 9 6 9 )  and E l  Aaser  .ejt a l .  ( 1 9 7 3 ) .
F i g u r e s  8 . 1  -  8 . 3  a re  t h e  r e s u l t s  o f  c y t o c h e m i c a l  
e x a m i n a t i o n  o f  v a r i o u s  f r a c t i o n s  o f  a ru n  c a r r i e d  o u t  i n  th e  
p r e s e n c e  o f  magnesium i o n s .  The e x a c t  c e n t r i f u g a l  c o n d i t i o n s  
a re  th e  same as f o r  th e  ru n  shown i n  F ig  5 . 1 .  The m a t e r i a l  
i n  F ig  8 . 1  i s  f ro m  a r e g i o n  e q u i v a l e n t  t o  f r a c t i o n s  1 6 -2 0  i n  
F ig  5 . 1 . ,  r i c h  i n  5 ' -  n u c l e o t i d a s e  a c t i v i t y  ( a s s a y e d  as 
AMPase) b u t  low  i n  G6Pase. I t  has been c y t o c h e r n i c a l l y  e x a m in e d  
f o r  5 ' -  n u c l e o t i d a s e  (IHY1P as s u b s t r a t e )  u s i n g  method C o f
F i t z s i m o n s  ( 1 9 6 9 ) .  W h i le  some v e s i c l e s  a re  s t a i n e d ,  many a re
n o t .  T h i s  i s  i n  k e e p in g  w i t h  th e  lo w  p .m .  p u r i f i c a t i o n  
v a lu e  o b s e r v e d  f o r  t h i s  r e g io n ,  i n  r u n s  o f  t h i s  s o r t .
F i g s  8 . 2 .  and 8 . 3 .  show m a t e r i a l  from, t h e  h e a vy  end o f  t h e
g r a d i e n t  s t a i n e d  f u r  5 1-  n u c l e o t i d a s e  ( F i g  8 . 2 )  and GoPase 
( F i g  8 . 3 ) ,  The e l e c t r o n  m i c r o g r a p h s  show i n  each c a s e ,  some 
s t a i n e d  v e s i c l e s .  T h i s ,  a g a i n ,  a g re e s  w i t h  t h e  b i o c h e m i c a l  
f i n d i n g s .
In Figs. 8.1 - 8.3 magnification was 30,000 - fold.
F ig . 8 .4  shows t h e  m o r p h o lo g y  o f  th e  m i c r o s o m a l  p lasm a
membrane f r a c t i o n  p r e p a r e d  a f t e r  p r e - i n c u b a t i o n  w i t h  0 . 5  mM 
2 +Pb . T h i s  m a t e r i a l  w.as ta k e n  f ro m  a r e g i o n  e q u i v a l e n t  t o  
f r a c t i o n s  1 6 -18  i n  F i g .  6 .  5 .  I n  a d d i t i o n  to  v e s i c u l a r  m a t e r i a l ,  
some amorphous m a t e r i a l ,  p r e s u m a b ly  f e r r i t i n  g r a n u l e s ,  a re  
p r e s e n t .  The m a t e r i a l  was t r e a t e d  as d e s c r i b e d  i n  E l  A a se r  
jet  cul« ( 1 9 7 3 ) .  The m a g n i f i c a t i o n  was 3 7 ,5 0 0  -  f o l d .
F ig .  8 . 5. shows . p u r i f i e d  m ic r o s o m a l  p lasm a  membrane .
. ( e q u i v a l e n t  t o  f r a c t i o n s  1 6 -18  i n  F i g  6 . 5 )  s t a i n e d  f o r  5 ' -  
n u c l e o t i d a s e  by th e  t e c h n i q u e  d e s c r i b e d  i n  E l  A ase r  _e_t a l .
( 1 9 7 3 ) .  A h i g h  p r o p o r t i o n  o f  t h e  membrane f r a g m e n t s  show 
s c a t t e r e d  d e p o s i t s  o f  l e a d  p h o s p h a t e .  These a p p e a r  t o  be on 
th e  o u t e r  f a c e s  o f  th e  v e s i c l e s ,  where j u d g e m e n t  i s  p o s s i b l e .
■ F i g . 8 . 6  shows m a t e r i a l  f r o m  t h e  same r e g i o n  as t h a t  shown 
i n  F ig .  8 . 5  b u t  s t a i n e d  f o r  G6Pase-. Very  few e le m e n t s  show 
s t a i n i n g .
The m a t e r i a l ,  i n  F ig .  8 . 7  was t a k e n  f ro m  th e  h e avy  end o f  t h e
g r a d i e n t  o f  a ru n  c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n  w i t h  0 . 5  mlYl 
2 +Pb * I t  c o r r e s p o n d s  to  f r a c t i o n s  28 -  SO i n  F ig .  6 . 5 .  I t  has 
been s t a i n e d  f o r  G6Pase, as d e s c r i b e d  i n  E l  A a se r  e t  a l . (197  3)  .
I n  k e e p i n g  w i t h  t h e  b i o c h e m i c a l  f i n d i n g s ,  most v e s i c l e s  a re  
s t a i n e d .
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CHAPTER NINE:
THE LEAD INCUBATION TECHNIQUE AS APPLIED 
TO A COMPARISON OF THE LIVER OF NORMAL
DOGS AND.OF DOGS FED A PESTICIDE-CONTAINING DIET
In  c o n j u n c t i o n  u i t h  t h e  T u n s t a l l  L a b o r a t o r y ,  S h e l l  
R e s e a rc h ,  S i t t i n g b o u r n e , K e n t ,  a s e r i e s  o f  e x p e r i m e n t s  u e re  
c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  b i o c h e m i c a l  changes i n  t h e  
l i v e r  a s s o c i a t e d  w i t h  th e  a d m i n i s t r a t i o n  o f  a p e s t i c i d e -  
c o n t a i n i n g  d i e t .  A p a r a l l e l  s t u d y  by D r .  E l  Aaser  i n  o u r  
l a b o r a t o r y  uas c o n c e re d  w i t h  t h e  o r i g i n  o f  t h e  r i s e  i n  
serum a l k a l i n e  p h o s p h a ta s e  caused by f e e d i n g  th e  p e s t i c i d e .
The o b j e c t  uas t o  a p p l y  t h e  l e a d  i n c u b a t i o n  t e c h n i q u e  t o  t h e  
dog l i v e r  i n  o r d e r  t o  o b t a i n  p u r i f i e d  p .m .  f r a g m e n t s  so t h a t  
t h e  e f f e c t  o f  t h e  p e s t i c i d e  on t h e  enzym o logy  o f  t h e  p .m .  
c o u ld  be s t u d i e d .  H o p e f u l l y ,  ue c o u ld  th e n  c o r r e l a t e  t h e s e  
r e s u l t s  u i t h  D r .  E l  A a s e r f s f i n d i n g s .
Four  dogs u e re  used i n  a l l .  Tuo o f  t h e s e  s e r v e d  as c o n t r o l  
u h i l e  t h e  o t h e r  t u o  u e re  fe d  on t h e  p e s t i c i d e - c o n t a i n i n g  d i e t ,  
one f o r  10 months and th e  o t h e r  f o r  8 y e a r s .  F u l l  d e t a i l s  o f  
t h e  d i e t  a re  t o  be fo u n d  i n  t h e  M a t e r i a l s  and E x p e r i m e n t a l  
methods s e c t i o n .  The dogs u e re  k i l l e d  a t  S i t t i n g b o u r n e  and 
t h e i r  l i v e r s  t r a n s p o r t e d  as r a p i d l y  as p o s s i b l e  t o  B a t t e r s e a .  
The j o u r n e y  t o o k  a b o u t  2 h o u r s .  T h i s ,  a l t h o u g h  u n d e s i r a b l e ,  
uas i n e v i t a b l e .
The f r a c t i o n s  f o r  l o a d i n g  o n to  th e  z o n a l  c e n t r i f u g e  were 
p r e p a r e d  i n  e x a c t l y  t h e  same uay as th o s e  f ro m  r a t  l i v e r .
R e s u l t s  u i t h  n o rm a l  l i v e r
The l e a d  i n c u b a t i o n  t e c h n i q u e  f o r  t h e  p u r i f i c a t i o n  o f  
m ic ro s o m a l  p .m .  f r a g m e n t s  had been shoun t o  t h e  most e f f e c t i v e  
u i t h  r a t  l i v e r  uhen th e  l e a d  c o n c e n t r a t i o n  d u r i n g  p r e -  
i n c u b a t i o n  uas O.BmM. I t  seemed l i k e l y  t h a t  t h i s  u o u l d  a l s o  
u o r k  u i t h  dog l i v e r .
F i g .  9 . 1 .  shous  th e  d i s t r i b u t i o n  o f  a c t i v i t i e s  a f t e r
m ic rosom es  f ro m  5 g l i v e r  had been p r e - i n c u b a t e d  u i t h  0 . 5  mM 
2 +Pb and s u b j e c t e d  t o  4 h o u rs  c e n t r i f u g a t i o n  a t  4 7 ,0 0 0  r e v / m i n  
i n  ' the  B -X IV  r o t o r .  The d i s t r i b u t i o n  o f  AMPase and G6 Pase i s
very s i m i l a r  t o  t h a t  o b t a i n e d  u i t h  r a t  l i v e r  m ic rosom es  a f t e r
2 +  /  \  p r e - i n c u b a t i o n  u i t h  0 .2 5  mM Pb (see  F i g .  6 . 4 . ) .  T h e re  i s  a
p a r t i a l  s e p a r a t i o n  o f  AMPase f ro m  G6Pase a c t i v i t y  b e tu e e n
d e n s i t i e s  o f  1 .0 9  and 1 .1 7  and p lasma membrane f r a g m e n t s
(as ju d g e d  by AMPase a c t i v i t y )  a re  p u r i f i e d  a b o u t  8 - f o l d  u i t h
r e s p e c t  t o  t h e  homogenate .  The a l k a l i n e  pNPPase d i s t r i b u t i o n
i s  s i m i l a r  t o  t h a t  o f  AMPase a l t h o u g h  s h o u in g  some s e p a r a t i o n .
Thus,  t h e r e  i s  a peak o f  a l k a l i n e  pNPPase a c t i v i t y  a t  ^ 0 = 1 . 1 5 5
(peak  f o r  AMPase i s  a t  p  = 1 . 1 3 9 )  and a n o t h e r  a t  ^ £ = 1 . 1 8 4 .
In  t h e  r e g i o n ^ o  > 1 . 1 7  t h e r e  i s  excess  o f  a l k a l i n e  pNPPase o v e r
AMPase as compared t o  t h e  c e n t r a l  r e g i o n  o f  t h e  g r a d i e n t
(yO  = 1 .0 9  -  1 . 1 7 ) .  T h i s  e xcess  uas o b s e rv e d  many t i m e s  u i t h
r a t  l i v e r .
Fig. 9 .
F ig .  9 ,  
F ig .  9 .
1. D i s t r i b u t i o n  o b t a i n e d  a f t e r  c e n t r i f u ­
g a t i o n  o f  a n o rm a l  dog l i v e r  m i c r o s o ­
mal f r a c t i o n  f o r  4h a t  4 7 ,0 0 0  r e v / m i n  
i n  a t i t a n i u m  B-X IV  r o t o r .  P r i o r  t o  
l o a d i n g ,  the. m ic ro s o m a l  f r a c t i o n  u a s2 + 
s o n i c a t e d  and t r e a t e d  u i t h  0.5mM Pb 
a t  pH 6 . 7 .  M ic ro s o m a l  m a t e r i a l  f ro m  
5g l i v e r  uas l o a d e d .
2 +2.  As F i g .  9 . 1 .  e x c e p t  t h a t  1mM Pb uas 
used i n  p r e - i n c u b a t i o n .
3 ,  • As F i g .  9  . 2 .  e x c e p t  t h a t  t h e  l i v e r  uas 
t h a t  o f  a dog f e d  a p e s t i c i d e - c o n t a i n i n g  
d i e t  f o r  s i x  months p r i o r  t o  d e a t h .
F i g .  9 . 4 .  As F i g .  9 . 3 .  e x c e p t  t h a t  th e  p e r i o d  o f
a d m i n i s t r a t i o n  o f  t h e  p e s t i c i d e - c o n t a i n i n g  
d i e t  uas e i g h t  y e a r s .
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TABLE 9A
C om par ison  o f  d i s t r i b u t i o n s  o f  a c t i v i t i e s  among 
v a r i o u s  r e g i o n s  o f  th e  g r a d i e n t  when m ic rosom es  
f ro m  5g dog l i v e r  ue re  p r e - i n c u b a t e d  u i t h
(a )  0 .5  ml»l Pb2+ , and (b) 1 ral*l Pb2+.
= 1 - 1 . 0 9  = 1 .09 -  1.17
P r o t e i n
(a )  16 .8$  36 .9$
(b)  17 .5$  4 .0 $
AMPase
(a )  2 .4 $  78 .0$
(b)  0 33 .8$
G6Pase
a) 0 3 7 .5$
b) 0 1 .0$
A ik .  pNPPase
(a )  10 .5$  59 .3$
(b)  4 .5 $  2 5 .0$
A c id  pNPPase
(b )  7 .3 $  1 9 .9$
A i k .  p ^ i e ’ ase
(a  
(b 2 .5 $  2 4 .5$
A i k . GPase
I n  o r d e r  t o  o b t a i n  p u r e r  p . m . ,  a l t h o u g h  i n e v i t a b l y  i n  p o o r e r
y i e l d ,  t h e  s u b s e q u e n t  s e p a r a t i o n  u i t h  n o rm a l  dog l i v e r  uas
2 +  /  * p e r fo r m e d  a f t e r  p r e - i n c u b a t i o n  u i t h  ImH Pb ( F i g *  9 . 2 . ) .
A l t h o u g h  th e  p r o p o r t i o n  o f  AHPase i n  t h e  r e g i o n  0 = 1 . 0 9  -  1 .1 7
2 +i s  g r e a t l y  l o u e r e d  (34$  compared t o  78$ u i t h  0 . 5  mN Pb ) ,  t h i s
r e g i o n  i s  nou a lm o s t  c o m p l e t e l y  f r e e  o f  G6Pase a c t i v i t y .
I n  f a c t ,  no G6Pase a c t i v i t y  c o u ld  be d e t e c t e d  i n  f r a c t i o n s
11 -  19 i / O - 1 .0 9  -  1 . 1 6 )  a f t e r  30 m in u te s  i n c u b a t i o n .
T h i s  d e c re a s e  o f  G6Pase i s  c o n c o m i t a n t  u i t h  a d e c re a s e  i n
p r o t e i n  i n  t h i s  r e g i o n  o f  a b o u t  9 - f o l d  as compared t o  t h e  
2 +O.Bmfl Pb r u n ,  and c o n s e q u e n t l y  an i n c r e a s e  i n  t h e  p u r i t y  
o f  t h e  p .m .  f r a g m e n t s  o b t a i n e d .
The o t h e r  enzymes assayed  ( a l k a l i n e  and a c i d  pNPPase,
a l k a . l i n e y 5 -  GPase, a l k a l i n e  p h o s p h o d i e s t e r a s e )  a l l  shou
d i s t r i b u t i o n s  i n t e r m e d i a t e  b e tu e e n  t h a t  o f  AMPase and G6Pase,
a f e a t u r e  common t o  r a t  l i v e r .  I n t e r e s t i n g l y ,  dog l i v e r
shoued e a s i l y  a s s a y a b le  l e v e l s  o f  a l k a l i n e y Q - g l y c e r o p h o s p h a t a s e
a c t i v i t y  u h i c h  i s  u n d e t e c t a b l e  i n  r a t  l i v e r . T h e  o v e r a l l  p a t t e r n  
2 +u i t h  1mM Pb i s  s i m i l a r  t o  t h a t  o b t a i n e d  u i t h  r a t  l i v e r  uhen
2 +p r e - i n c u b a t e d  u i t h  0 .5  mM Pb .
I n  o r d e r  t h a t  t h e  p r o t e i n  c o n t e n t  o f  f r a c t i o n s  16 -  19 
(^ <9 = 1 .1 3 4  -  1 .1 6 1 )  c o u ld  be a c c u r a t e l y  a ssayed  and hence  t h e  
p u r i t y  o f  t h e  p .m .  a ss e s s e d ,  5 ml o f  each u e re  p o o l e d ,  d i l u t e d  
3 t im e s  u i t h  u a t e r  and spun doun (90 m in ,  4 0 ,0 0 0  r e v / m i n  FISE 8 x
25 r o t o r ) .  The p e l l e t  uas r e - s u s p e n d e d  i n  2 ml u a t e r  and p r o t e i n  
measured on th e  A u t o A n a l y z e r .  The r e l a t i v e  s p e c i f i c  a c t i v i t y  
f o r  AHPase i n  t h i s  r e g i o n  as compared t o  t h e  homogenate  uas 
1 6 . 6 .
The r e s u l t s  o b t a i n e d  u i t h  th e s e  t u o  r u n s  a r e  summar ised 
i n  te rm s  o f  d i s t r i b u t i o n s  among r e g i o n s  o f  t h e  g r a d i e n t  i n  
T a b le  9 . 1 *  S p e c i f i c  a c t i v i t i e s  f o r  homogenate ,  m ic ro s o m a l
f r a c t i o n  and p u r i f i e d  p .m .  f o r  t h e  ru n  c a r r i e d  o u t  a f t e r
2 +  \  p r e - i n c u b a t i o n  u i t h  ImM Pb a re  shoun i n  T a b le  9 . 2 .
These a re  i n t e r e s t i n g  n o t  o n l y  f o r  t h e i r  oun sake  b u t  a l s o
f o r  c o m p a r is o n  u i t h  r a t  l i v e r ,  u h i c h  d i s p l a y s  q u i t e  d i f f e r e n t
l e v e l s  o f  some o f  t h e  a c t i v i t i e s  ( c f .  T a b le  6 . 7 . ) .
AFIPase i s  much h i g h e r  and a l k a l i n e  pNPPase much l o u e r  i n  r a t
than dogs, and as mentioned e a r l i e r ,  a l k a l i n  7 s '  g ly c e ro p h o s -
p h a ta s e  i s  a b s e n t  f ro m  r a t  l i v e r .  Homogenate a c t i v i t i e s  u e re
s i m i l a r  (+  8^ )  i n  t h e  o t h e r  n o rm a l  dog e x c e p t  f o r  a l k a l i n e
pNPPase u h i c h  had o n l y  32% o f  t h e a c t i v i t y  o f  t h e  second  dog .
The q u e s t i o n  a r i s e s  as t o  uhy one s h o u ld  need a h i g h e r  
c o n c e n t r a t i o n  o f  l e a d  i o n s  t o  o b t a i n  a h i g h l y  p u r i f i e d  p .m .  
f r a c t i o n  f ro m  dog l i v e r  t h a n  f ro m  r a t  l i v e r .  T h i s  r e m a in s  
u n an sw e red .  I f  t h e r e  uas more e . r .  i n  dog l i v e r ,  i t  u o u l d  be 
u n d e r s t a n d a b l e ,  b u t  p r o t e i n  f i g u r e s  f o r  dog and r a t  l i v e r  
i n d i c a t e ,  i f  a n y t h i n g  t h a t  t h e  r e v e r s e  i s  t r u e .  Thus u i t h  
r a t  l i v e r  a b o u t  29% o f  t h e  homogenate  p r o t e i n  s e d im e n ts  as 
m ic ro so m e s ,  u h e re a s  th e  c o r r e s p o n d i n g  f i g u r e s  f o r  t h e  t u o  
n o rm a l  dogs u e re  11.9%  and 12.0%.
R e s u l t s  o b t a i n e d  u i t h  t h e  l i v e r s  o f  t h e  dogs f e d  t h e  
p e s t i c i d e - c o n t a i n i n g  d i e t .
■ V\.
As m e n t io n e d  a bove ,  tu o  dogs u e re  used i n  t h i s  p a r t  o f  t h e
s t u d y .  One uas f e d  t h e  p e s t i c i d e - c o n t a i n i n g  d i e t  f o r  t e n
months and t h e  o t h e r  f o r  e i g h t  y e a r s .  U hereas  t h e  s t u d i e s  o f
TABLE 9.2
S p e c i f i c  a c t i v i t i e s  o f  homogenate ,  m ic ro s o m a l
f r a c t i o n  and p u r i f i e d  p .m .  f o r  n o rm a l  dog l i v e r .
The f i g u r e s  i n  b r a c k e t s  a re  r e l a t i v e  s p e c i f i c
a c t i v i t i e s  u i t h  r e s p e c t  t o  th e  homogenate .  The
p .m .  uas p r e p a r e d  a f t e r  p r e - i n c u b a t i o n  o f  t h e
2+m ic ro s o m a l  m a t e r i a l  u i t h  1 mM Pb .
p .m .
Homogenate M ic roso m e s  ( F r a c t i o n s
16 -  19)
AMPase 1 5 .9 3 0 .9 264
(m p m o le s /m in /m g p r o t e i n ) O ) ( 1 . 9 4 ) ( 1 6 . 6 )
G6Pase 2 8 .9 6 0 .3 0
(m p m o le s /m in /m g  p r o t e i n ) 0 ) ( 2 . 0 8 ) ( 0 )
A i k .  pNPPase 1 4 .5 0 3 0 .3 1 8 8 .8
(m u m o le s /m in /m g p r o t e i n ) ( 1 ) ( 2 . 0 8 ) ( 1 3 . 0 )
A i k .  f i  GPase 1 3 .0 25 .1 181
(m p m o le s /m in /m g p r o t e i n ) ( 1 ) ( 1 . 9 3 ) ( 1 3 . 9 )
A i k  p f d i e f ase 5 .2 5 13 .1 6 0 .2
(m j jm o les /m in /m g p r o t e i n ) ( 1 ) ( 2 . 4 9 ) ( 1 1 . 5 )
A c id  pNPPase 2 5 .0 3 6 .3 1 8 2 .0
(mjumole s/m in /m g p r o t e i n ) ( 0 ( 1 . 4 5 ) ( 7 . 3 )
P r o t e i n
(mg)
547 6 5 .5 0.86
E l  A a se r  ejt sal. ( l ’9 72 )  showed t h a t  t h e  r i s e  i n  serum 
a l k a l i n e  p h o s p h a ta s e  uas due m a i n l y  t o  t h e  l i v e r  i s o e n z y m e ,  
th e s e  s t u d i e s  s e t  o u t ,  more s p e c i f i c a l l y ,  t o  a s c e r t a i n  
w h e th e r  t h e  i n c r e a s e d  a c t i v i t y  was d e r i v e d  f ro m  t h e  p lasma 
membrane o f  t h e  l i v e r  c e l l .  For  t h i s  p u r p o s e ,  as u i t h  r a t  
l i v e r ,  AMPase was ta k e n  as a m a rke r  f o r  p .m .  and G6Pase f o r  e . r .
2 +  'P r e - i n c u b a t i o n  o f  t h e  m ic ro s o m a l  m a t e r i a l  w i t h  1 mM Pb 
had been shown t o  be most s u c c e s f u l  f o r  n o rm a l  dog l i v e r  and 
hence t h i s  c o n c e n t r a t i o n  was used i n  a t t e m p t i n g  t o  o b t a i n  
p u r i f i e d  p .m .  f r a g m e n t s  f ro m  t h e  p e s t i c i d e  - t e a t e d  d ogs .  
P r e p a r a t i o n  o f  t h e  f r a c t i o n  f o r  l o a d i n g  was e x a c t l y  as 
d e s c r i b e d  f o r  r a t  l i v e r  i n  M a t e r i a l s  and E x p e r i m e n t a l  M e th o d s .
. The d i s t r i b u t i o n s  o b t a i n e d  a re  shown i n  t a b l e  9 . 3 .  
and F i g s .  9 . 3  and 9 . 4 .  The t e c h n i q u e  was s u c c e s s f u l  i n  t h a t  
t h e r e  was a r e g i o n  b e t w e e n =1 . 0 9  a n d = 1 . 1 7  u h i c h  had a 
s u b s t a n t i a l  p r o p o r t i o n  o f  t h e  AMPase a c t i v i t y  w i t h  l i t t l e  
a ccom pany ing  G6Pase o r  p r o t e i n .  I t  was t h o u g h t  t h a t  a h i g h e r  
c o n c e n t r a t i o n  o f  l e a d  i o n s  m i g h t  be r e q u i r e d ' f o r  t h e s e  
p e s t i c i d e - t r e a t e d  dogs s i n c e  p e s t i c i d e s  o f  t h e  t y p e  a d m i n i s t e r e d  
( c h l o r i n a t e d  h y d r o c a r b o n s )  have been shown t o  r e s u l t  i n  a 
p r o l i f e r a t i o n  o f  t h e  smoothv e . r .  and i n c r e a s e d  m ic ro s o m a l ,  
p r o t e i n  ( H u t t e r e r  e t  ail . 1 9 6 9 ) .  However ,  t h i s  was fo u n d  t o  be 
u n n e c e s s a r y .
T a b le  9 . 3  shows t h e  p e r c e n t a g e  o f  a c t i v i t i e s  i n  each o f  
t h e  t h r e e  r e g i o n s  o f  t h e  g r a d i e n t  t o  be s i m i l a r  f o r  b o t h  dogs 
a l t h o u g h  s e p a r a t i o n  i s  s l i g h t l y  l e s s  c o m p le te  i n  t h e  case  o f  
t h e  dog f e d  t h e  d i e t  f o r  8 years-.
TABLE 9 . 3 .
D i s t r i b u t i o n s  o f  a c t i v i t i e s  among v a r i o u s  r e g i o n s  o f  th e
g r a d i e n t  uhen m ic rosom es  f ro m  5g o f  t h e  l i v e r  o f  th e  dog
fe d  a p e s t i c i d e - c o n t a i n i n g  d i e t  f o r  (a )  10 months  (b )
2+
8 y e a r s  were p r e - i n c u b a t e d  w i t h  1 mffl Pb *
y O  = 1 -  1 .0 9  jO  -  1 .0 9  -  1 .1 7
P r o t e i n
( a )
(b )
5.7% 
1 2 . 7 %
1.5% 
10.9%
1 .1 7
92.0%
76.4%
AMPase
(a )
( b )
1.0%
2.5%
51.5% 
4 0 . 7 %
67.7%
56.9%
G6Pase 
a 0
1.1%
1.3%
6.3%
98.7%
92.6%
A i k .  pNPPase
(a
(b
3.9%
3.8%
24.0%
33.2%
72.1%
62.9%
A i k .  p ' d i e ' a s e
( a )  3.7%
( b )  4.5%
26.3%
32.6%
70.0%
62.9%
A i k .  13  GPase
( a )
( b ) 6.4% 35.2% 58.4%
LNA
( a )
( b ) 23.0% 11.4% 65.7%
As u i t h  n o rm a l  dog and r a t  l i v e r ,  a l k a l i n e  pNPPase, 
a l k a l i n e ^ #  - g l y c e r o p h o s p h a t a s e  and a l k a l i n e  p h o s p h o d ie s t e r a s e  
were  a l l  d i s t r i b u t e d  s i m i l a r l y  t o  AdPase, b u t  u i t h  
c o m p a r a t i v e l y  l e s s  o f  t h e s e  enzymes i n  t h e  c e n t r a l  r e g i o n  
(^0 = 1 .0 9  -  1 . 1 7 )  and an e xcess  a t  t h e  heavy  end ^ o > 1 . 1 7 )  o f  
t h e  g r a d i e n t .  In  f a c t  t h e  d i s t r i b u t i o n  o f  a c t i v i t i e s  f o r  
t h e  dog f e d  t h e  d i e t  f o r  10 months i s  p r a c t i c a l l y  i d e n t i c a l  
t o  t h a t  f o r  t h e  second  n o rm a l  dog ( c f .  t a b l e s  9 . 1 ( b )  and 
9 . 3  ( a ) .  ) .  LNA shoued a d i s t r i b u t i o n  more s i m i l a r  t o  t h a t  
o f  G6Pase th a n  AdPase i n  t h e  dog f e d  t h e  d i e t  f o r  8 y e a r s .
A g a in  t h i s  p a r a l l e l s  o b s e r v a t i o n s  on r a t  l i v e r .
5 ml o f  f r a c t i o n s  14 -  17 ( t h e  f r a c t i o n s  c o n s i d e r e d  t o  be 
most e n r i c h e d  i n  AdPase i n  b o th  r u n s )  u e re  spun doun as 
d e s c r i b e d  f o r  t h e  n o rm a l  dog l i v e r .  Assays on t h e  re s u s p e n d e d  
m a t e r i a l  shoued an i n c r e a s e  i n  AdPase s p e c i f i c  a c t i v i t y  o f  o v e r  
20 t im e s  u i t h  r e s p e c t  t o  t h e  homogenate  (see  t a b l e s  9 . 4  and 9 . 5 ) .
C om par ison  o f  t h e  n o r m a l f c p e s t i c i d e - t r e a t e d  dogs
T a b le s  9 . 4  and 9 . 5  shou t h e  s p e c i f i c  a c t i v i t i e s  f o r  t h e  
homogenate , m ic ro s o m a l  f r a c t i o n  and p .m .  o f  t h e  dogs fe d  t h e  
p e s t i c i d e  d i e t ,  and T a b le  9 .6  compares t h e  a c t i v i t i e s  u i t h  
th o s e  o f  t h e  n o rm a l  dog .
Thus a f t e r  10 months f e e d i n g  t h e r e  uas a s l i g h t  d r o p - o f f  
i n  a l k a l i n e  p h o s p h a ta s e ,  5 * n u c l e o t i d a s e  and a l k a l i n e  
p h o s p h o d ie s t e r a s e  a c t i v i t y .  The a c t i v i t y  o f  G6Pase on t h e  
o t h e r  hand i n c r e a s e d  by 60^  i n  t h e  homogenate ,  and more th a n  
d o u b le d  i n  t h e  m ic ro s o m a l  f r a c t i o n .  P ro lo n g e d  f e e d i n g  ( 8  
y e a r s )  r e s u l t e d  i n  a . l a r g e  r i s e  i n  a l k a l i n e  p - n i t r o  p h e n y l -
TABLE .9. 4
S p e c i f i c  a c t i v i t i e s  and r e l a t i v e  s p e c i f i c  a c t i v i t i e s  
( i n  p a r e n t h e s e s )  f o r  th e  homogenate ,  m ic r o s o m a l  f r a c t i o n  
and p .m .  o f  t h e  l i v e r  o f  t h e  dog f e d  a p e s t i c i d e -  
c o n t a i n i n g  d i e t  f o r .10 months p r i o r  t o  d e a t h .
p .m .
Homogenate d i c r o s o m e s  (F r a c t i o n s
14 -  1 7 )
AdPase 10.1 1 6 .6 214
(m p m o le s /m in /m g  p r o t e i n ) ( D ( 1 . 6 5 ) ( 2 1 . 2 )
G6Pase 4 6 .2 126 0
(m j jm o les /m in /m g  p r o t e i n ) ( 1 ) ( 2 . 7 2 ) (o )
A i k .  pNPPase 1 3 .3 18 .1 166
(m j jm o les /m in /m g  p r o t e i n ) ( D ( 1 . 3 6 ) ( 1 2 . 5 )
A i k .  p ’ d i e ! ase 4 .5 9 7 .6 9 5 1 .8
(m f jm o les /m in /m g  • p r o t e i n ) 0 ) ( 1 . 6 7 ) ( 1 1 . 3 )
P r o t e i n
(mg) 482 9 8 . 5
1.10
TABLE 5>. 5
S p e c i f i c  a c t i v i t i e s  and r e l a t i v e  s p e c i f i c  a c t i v i t i e s  
( i n  p a r e n t h e s e s )  f o r  t h e  homogenate ,  m ic r o s o m a l  f r a c t i o n
and p .m .  o f  th e  l i v e r  o f th e  dog f e d a p e s t i c i d e -
c o n t a i n i n g  d i e t  f o r  8 y e a r s  p r i o r  t o d e a t h .
Homogenate N ic ro s o m e s
p .m .
(F r a c t i o n  
14 -  17)
APIPase
(m p m o le s /m in /m g  p r o t e i n )
2 3 .7
( D
7 4 .5
( 3 . 1 4 )
517
( 2 1 . 8 )
G6Pase
(m p m o le s /m in /m g  p r o t e i n )
2 7 .7
( 1 )
6 7 .2
( 2 . 4 3 )
0
( 0 )
A i k ,  pNPPase 
(m p m o le s /m in /m g  p r o t e i n )
3 1 .2
( 1 )
93 .1
( 2 . 9 8 )
. 325 
( 1 0 . 4 )
A i k .  p ’ d i e ' a s e  
(m p m o le s /m in /m g  p r o t e i n )
5 .0 2
( 1 )
1 5 .9
( 3 . 1 7 )
4 4 .7
( 8 . 9 )
A i k .  / S  GPase 
(m p m o le s /m in /m g  p r o t e i n )
2 7 .6
( D
8 6 .5
( 3 . 1 4 )
251
( 9 . 1 )
LNA
(m pm o les /m in /m g  p r o t e i n )
3 .2 0
( D
5 .8 2
( 1 . 8 2 )
7 .9 9
( 2 . 5 0 )
P r o t e i n
(mg) 5 8 9 .4 7 3 .7 2.20
TABLE 9.6
C om par ison  o f  l e v e l s  o f  enzyme a c t i v i t i e s  ( p e r  mg p r o t e i n )  
i n  th e  p e s t i c i d e - t r e a t e d  dogs u i t h  t h o s e  o f  th e  n o rm a l  
dog.
L e n g th  o f .
F r a c t i o n  a d m i n i s t r a t i o n  A c t i v i t y  (% o f  n o rm a l  dog)
o f  d i e t
Snn '  AHPass , j ^ k ; G6Pase pNPPase p ’ d i e ' a s e
Homogenate ( i )  10 months  92 64 87 160
( i i )  8 - y e a r s  215 149 96 96
F l ic rosom es ( i )  10 months  60 54 59 209
( i i )  8 y e a r s  307 241 121 111
Plasma ( i )  10 months 88 81 86
membrane
( i i )  8 y e a r s  172 196 74
p h o s p h a t a s e ^  a l k a l i n e  y g - g l y c e r o p h o s p h a t a s e , and 5 1 n u c l e o t i d a s e . 
These r i s e s  were a p p a r e n t  i n  homogenate ,  m ic ro s o m a l  and p lasma 
membrane m a t e r i a l .  G6Pase a c t i v i t y  on t h e  o t h e r  hand was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  o f  t h e  c o n t r o l  dog.  These 
r e s u l t s  a g re e  l a r g e l y  u i t h  t h o s e  o f  E l  A a s e r ,  uho fo u n d  t h a t  
t h e r e  uas a r i s e  i n  b o th  l i v e r  and serum a l k a l i n e  p h o s p h a ta s e  
on p r o lo n g e d  f e e d i n g  o f  t h e  p e s t i c i d e .  He a l s o  d e t e c t e d  a 
r i s e  i n  l i v e r  a l k a l i n e  p h o s p h a ta s e  a f t e r  10 months f e e d i n g .
T h i s  uas n o t  fo u n d  i n  t h e s e  s t u d i e s .
As m e n t io n e d  p r e v i o u s l y ,  E l  A a s e r f s s t u d i e s  shoued t h a t  
t h e  r i s e  i n  serum a l k a l i n e  p h o s p h a ta s e  i n  t h e  p e s t i c i d e - f e d  
dogs uas d e r i v e d  f ro m  l i v e r .  The e x p e r im e n t s  d e s c r i b e d  above 
shou t h a t  t h e  i n c r e a s e  l i v e r  homogenate  a c t i v i t y  i s  m i r r o r e d  
i n  a c o n c o m i t a n t  r i s e  i n  p lasma membrane a c t i v i t y ,  i n d i c a t i n g  
t h a t  t h i s  i s  t h e  s u b c e l l u l a r  s o u r c e  o f  a t  l e a s t  p a r t  o f  t h e  
i n c r e a s e d  serum l e v e l s  o f  t h e  enzyme.
CHAPTER TEH 
DISCUSSION
(i) Marker Enzymes
Much o f  t h e  v a l i d i t y  o f  t h e  work  d e s c r i b e d  i n  t h i s  
t h e s i s  depends on th e  p lasma membrane b e in g  v i r t u a l l y  t h e  
s o l e  s i t e  o f  5 1- n u c l e o t i d a s e  a c t i v i t y  i n  r a t  l i v e r ,  a ssayed  
u i t h  AMP as s u b s t r a t e  u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  i n  
C h a p te r  2. Thus i t  - i s  i m p o r t a n t  t o  c o n s i d e r  t h e  j u s t i f ­
i c a t i o n  f o r  i t s  use as a p lasma membrane m a r k e r .
S t u d i e s  on t h e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  5 * - n u c l e o -  
t i d a s e  i n  l i v e r  shou a c t i v i t y  t o  be d i s t r i b u t e d  t o  v a r y i n g  
e x t e n t s  d e p e n d in g  on h o m o g e n is a t i o n  c o n d i t i o n s  e t c .  be tween 
th e  c l a s s i c a l  n u c l e a r  and m ic ro s o m a l  f r a c t i o n s  ( N o v i k o f f  e t  a l .  
1953, de L a m ira n d e  ej; aJL. 1958, N o v i k o f f  and Heus 1963 ,  E l  Aaser  
and R e id  1 9 6 9 a ) .  T h i s  f a c t  l e d  de L a m ira n d e  and c o - u o r k e r s  
(1 9 5 8 )  t o  p o s t u l a t e  t h a t  t h e  enzyme uas p r e s e n t  i n  t h e  n u c le u s  
and i n  t h e  ’ c y t o p l a s m 1, b u t  t h e s e  s u g g e s te d  s i t e s  o f  a c t i v i t y  a re  
q u e s t i o n a b l e  because  o f  t h e  im p u re  n a t u r e  o f  t h e  f r a c t i o n s  u se d .  
Song and Bodansky ( 1 9 6 7 ) ,  u s i n g  more s o p h i s t i c a t e d  m e thods  f o r  
t h e  i s o l a t i o n  o f  p u re  s u b c e l l u l a r  com p on e n ts ,  c l a i m e d  t h e  
enzyme t o  be a b s e n t  f ro m  n u c l e i ,  m i t o c h o n d r i a  and l y s o s o m e s .
They c o n c lu d e d ,  someuhat m i s l e a d i n g l y ,  t h a t  t h e  ” 5 * - n u c l e o t i d a s e  
a c t i v i t y  o f  r a t  l i v e r  i s  l o c a l i z e d  s o l e l y  i n  t h e  m ic r o s o m a l  
membranes" ,  u h i l e  i n  f a c t  t h e y  fo u n d  o n l y  23/o o f  5 * - n u c l e o t i d a s e  
a c t i v i t y  i n  t h e i r  m ic ro s o m a l  f r a c t i o n .  C o n s i d e r a b l e  b i o c h e m i c a l  
a n d . c y t o c h e m i c a l  e v id e n c e  has l e d ,  i n  r e c e n t  y e a r s ,  t o  u i d e
a c c e p t a n c e  o f  5 1- n u c l e o t i d a s e  as p lama membrane m a rk e r  i n  
l i v e r *  E ssn e r  e t  a l .  ( 1 9 5 8 ) ,  u s i n g  c y t o c h e m i c a l  s t a i n i n g ,  
d e m o n s t r a t e d  5 * - n u c l e o t i d a s e  a c t i v i t y  i n  t h e  p lasma membrane 
u h e re  i t  f o l d s  t o  fo rm  t h e  m i c r o v i l l i  o f  t h e  b i l e  c a n a l i c u l i  
and a l s o  i n  t h e  m i c r o v i l l i  o f  t h e  s i n u s o i d a l  u a l l .  S i m i l a r l y ,  
E l  A a se r  and R e id  ( 1 9 6 9 b )  shoued s t r o n g  s t a i n i n g  i n  b i l e  
c a n a l i c u l i  and i n  some s i n u s o i d a l  u a l l s .  A l t h o u g h  s t a i n i n g  
has been o b s e rv e d  i n  h e p a t i c  c o n n e c t i v e  t i s s u e ,  t h i s  i s  v e r y  
u n l i k e l y  t o  c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  m ic r o s o m a l  a c t i v i t y  
o f  t h e  enzyme*
The b i o c h e m i c a l  e v id e n c e  i s  t h e  1 0 - - t o  3 5 - f o l d  i n c r e a s e  
i n  5 * - n u c l e o t i d a s e  a c t i v i t y  o b s e rv e d  by s e v e r a l  u o r k e r s  i n  
p u r i f i e d  p,m* p r e p a r a t i o n s  compared t o  t h e  s t a r t i n g  t i s s u e  
( se e  H i n t o n  19.72),  c o u p le d  u i t h  t h e  f a c t  t h a t  t h e  enzyme has 
been fo u n d  t o  be a b s e n t  f r o m  o t h e r  h i g h l y  p u r i f i e d  s u b c e l l u l a r  
c om ponen ts .  (Song et. a l *  1969 ,  E l  A ase r  1965 i n t e r  a l i a ) . 
H o u e v e r ,  as d i s c u s s e d  i n  t h e  i n t r o d u c t i o n ,  n e a r l y  a l l  t h e  
p u r i f i c a t i o n  t e c h n i q u e s  f o r  p .m .  use a c ru d e  n u c l e a r  f r a c t i o n  
as s t a r t i n g  m a t e r i a l ,  so t h e  use o f  5 ’ - n u c l e o t i d a s e  as a p .m .  
m a rk e r  s p e c i f i c a l l y  i n  t h e  m ic ro s o m a l  f r a c t i o n  needs t o  be 
c o n f i r m e d .  The t u o  p r im e  r e q u i r e m e n t s  t h a t  m us t  be met 
a r e : -
( a ) 5 ‘ - n u c l e o t i d a s e  a c t i v i t y  o f  m ic r o s o m e s 'm u s t  d i s p l a y  
s i m i l a r  p r o p e r t i e s  t o  t h a t  o f  t h e  enzyme i n  t h e  c r u d e  
n u c l e a r  f r a c t i o n  and p u r i f i e d  p .m .  s h e e t s .
( b )  The a c t i v i t y  must  be s e p a r a b l e  f r o m  e . r .  a s s o c i a t e d  
a c t i v i t i e s  u i t h o u t  r e s o r t i n g  t o  t e c h n i q u e s  a imed a t
d e s t r o y i n g  membrane i n t e g r i t y .
E l  A ase r  and R e id  (1 9 6 9 a )  shoued t h a t  t h e  enzyme i n  
m ic ro s o m a l  f r a c t i o n s  po ssesse d  s i m i l a r  p r o p e r t i e s  i n  t h e  
f e u  r e s p e c t s  s t u d i e d  t o  t h e  enzyme fo u n d  i n  t h e  ’ c ru d e  n u c l e a r *  
f r a c t i o n .  I t s  s e p a r a b i l i t y  f r o m  e . r ,  f r a g m e n t s  uas demon­
s t r a t e d  by E l  A ase r  ej; a l . ,  (1 9 6 6 a )  and F i t z s i m o n s  (1 9 6 9 )  
and uas c o n f i r m e d ,  u n d e r  a v a r i e t y  o f  c o n d i t i o n s ,  i n  t h i s
V
s t u d y ,  H o u e v e r ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  some o f  t h e  
m ic r o s o m a l  AMPase may be a s s o c i a t e d  u i t h  e , r .  and i n d e e d  
U i d n e l l  ( 1 9 7 2 ) ,  s u b s e q u e n t  t o  t h e  p r e s e n t  s t u d y ,  d e m o n s t r a t e d  
c y t o c h e m i c a l  s t a i n i n g  f o r  5 * - n u c l e o t i d a s e  i n  ro u g h  e , r .  f r a c t i o n s .  
Z o n a l  c e n t r i f u g e  r u n s  on n o rm a l  m ic roso m e s  u i t h  no magnesium 
i o n s  p r e s e n t  i n  t h e  g r a d i e n t  ( se e  C h a p te r  4 )  l e d  t o  a s e p a r ­
a t i o n  o f  smooth  and ro u g h  e . r .  u i t h  v e r y  l i t t l e  5 * - n u c l e o t i d a s e  
i n  t h e  ro u g h  e . r .  r e g i o n  (see  f i g s .  4 . 1  -  4 . 4 ) .  In d e e d  uhen 
a s o n i c a t e d  m ic ro s o m a l  f r a c t i o n  uas l o a d e d ,  no AMPase c o u ld  ‘ 
be d e t e c t e d  i n  t h e  ro u g h  e . r .  peak ( f i g .  6 . 9 ) .  Hence th e  
amount o f  5 * - n u c l e o t i d a s e  i n  ro u g h  e . r .  c a n n o t  be s u f f i c i e n t  t o  
i n v a l i d a t e  i t s  use as a p .m .  m a r k e r .
A l t h o u g h  m ic ro s o m a l  5 * - n u c l e o t i d a s e  can be re c k o n e d  t o  be 
a t  l e a s t  l a r g e l y  a s s o c i a t e d  u i t h  p . m . ,  i t  i s  p o s s i b l e  t h a t  i t s  
s p e c i f i c  a c t i v i t y  i n  m ic r o s o m a l  p .m .  v e s i c l e s  may be s u b s t a n t i a l l y  
d i f f e r e n t  f r o m  t h a t  i n  t h e  p .m .  s h e e t s  i s o l a b l e  f r o m  c r u d e  
n u c l e a r  f r a c t i o n s .  I t  uas s u s p e c te d  i n  t h e  e a r l y  p a r t  o f  t h i s  
s t u d y  t h a t  5 * - n u c l e o t i d a s e  a c t i v i t y  uas r e l a t i v e l y  l o u  i n  t h e  
m ic ro s o m a l  p . m . ,  and L - l e u c y l - p - n a p h t h y l a m i d a s e  (LNA) uas 
c o n s id e r e d  as an a l t e r n a t i v e  p .m .  m a rk e r  enzyme.
LNA uas o r i g i n a l l y  c o n s id e r e d  t o  be i d e n t i c a l  u i t h  
l e u c i n e  ^ a m in o p e p t id a s e ,  u h i c h  h y d r o l y s e s  s u b s t r a t e s  such as 
L - l e u c i n a m i d e  ( G o ld b a r g  and R u te n b e rg  1 9 5 8 ) ,  In d e e d  t h e  
v e r y  p u rp o s e  o f  t h e  s y n t h e s i s  o f  L - l e u c y l - y ^ - n a p h t h y l a m i d e  
uas t o  s i m p l i f y  t h e  assay  p r o c e d u r e  f o r  l e u c i n e  a m in o p e p t i d a s e  
( F o l k  and B u r s to n e  1 9 5 5 ) .  S u b seq u e n t  u o r k  h o u e v e r  has shoun 
t h e  tu o  a c t i v i t i e s  t o  be due t o  d i f f e r e n t  enzymes. P a t t e r s o n  
e t  a l . (1 9 6 3 )  shoued t h e  l e u c i n e  a m in o p e p t id a s e  a c t i v i t y  o f  
a s c i t e s  c e l l s  t o  be a lm o s t  100/6 i n  t h e  s o l u b l e  p h a se ,  u h e re a s  
LNA had c o n s i d e r a b l e  m i t o c h o n d r i a l ,  l y s o s o m a l  and m ic r o s o m a l  
a c t i v i t y ,  u i t h  o n l y  AD% o f  t h e  t o t a l  a c t i v i t y  a s s o c i a t e d  u i t h  
t h e  s o l u b l e  f r a c t i o n .
Mahadevan and T a p p e l  (1 9 6 7 )  s t u d i e d  t h e  s u b c e l l u l a r  
d i s t r i b u t i o n  o f  a r y l a m i d a s e s ,  i n c l u d i n g  LNA, i n  r a t  l i v e r .
They fo u n d  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  f o r  LNA i n  t h e  
l y s o s o m a l  f r a c t i o n ,  b u t  u n f o r t u n a t e l y  q u o te  no v a l u e s  f o r  
a b s o l u t e  a c t i v i t y ,  o n l y  s p e c i f i c  a c t i v i t y ,  i n  t h e  v a r i o u s  
f r a c t i o n s .  The l y s o s o m a l  and m ic ro s o m a l  f r a c t i o n s  u e r e  
fo u n d  t o  d i f f e r  u i t h  r e s p e c t  t o  c a t i o n  a c t i v a t i o n  and 
s t a b i l i t y  o f  t h e i r - L N A  a c t i v i t i e s ,  i n d i c a t i n g  t h e  p r e s e n c e  
o f  more th a n  one e n z y m e - in  t h e  p a r t i c u l a t e  l i v e r  f r a c t i o n s .
The s t a t e m e n t  i n  t h e i r  p a p e r  t h a t  "The l y s o s o m a l
f r a c t i o n s  f ro m  l i v e r ............... had t h e  h i g h e s t  s p e c i f i c  a c t i v i t y
f o r  a r y l a m i d a s e "  ( L - l e u c y l y ? - n a p h t h y l a m i d e  as s u b s t r a t e )  i s  
h a r d l y  c o m p a t i b l e  u i t h  t h e  o p i n i o n  o f  B e n e d e t t i  & Emmelo t 
( 1 9 6 8 )  based on u o r k  r e p o r t e d  i n  Emmelot e t  a l .  ( 1 9 6 8 ) ,  t h a t  
LNA can be c o n s id e r e d  as a m a rk e r  f o r  r a t  l i v e r  p lasm a 
membrane. Emmelo t ,  \Ji s s e r  & B e n e d e t t i  ( 1 9 6 8 )  f o u n d  LNA
a c t i v i t y  i n  mouse and r a t  l i v e r  and hepatoma p lasma 
membranes and s i m i l a r l y  Coleman and F in e a n  (1 9 6 6 )  fo u n d  a 
1 2 - f o l d  e n r i c h m e n t  f o r  LNA i n  t h e i r  g u i n e a - p i g  l i v e r  p lasma 
membrane p e r p a r a t i o n ,  a cco m p a n ie d ,  s u r p r i s i n g l y ,  by o n l y  a 
7 - f o l d  i n c r e a s e  i n  5 * - n u c l e o t i d a s e  a c t i v i t y .
Emmelot e_t aJL. (1 9 6 8 )  t r e a t e d  i s o l a t e d  r a t  l i v e r ,  p lasma 
membranes u i t h  p a p a i n ,  w h ic h  removes t h e  60S? ‘ g l o b u l a r  knobs * +hey 
o b s e rv e d  on e l e c t r o n  m i c r o g r a p h s  o f  p lasma membranes
T h i s  t r e a t m e n t  uas fo u n d  a l s o  t o  remove t h e  LNA 
a c t i v i t y ,  w hereas  t r e a t m e n t  w i t h  t r y p s i n  removed n e i t h e r  t h e  
knobs  n o r  LNA a c t i v i t y .  I n  c o n t r a s t  t o  t h e  r e s u l t s  u i t h
n o rm a l  l i v e r ,  t h e  g l o b u l a r  knobs were  fo u n d  t o  be a b s e n t  f r o m  
th e  p lasm a membrane o f  a f a s t - g r o w i n g  hepa tom a,  and o n l y  p a r t  
o f  t h e  LNA a c t i v i t y  uas removed by t h e  p a p a in  t r e a t m e n t .
The f a c t  t h a t  t h e r e  i s  any LNA a c t i v i t y  a t  a l l  a s s o c i a t e d  
w i t h  t h e  hepatoma p lasma membrane, d e v o id  o f  g l o b u l a r  k n o b s ,  
s u g g e s t s  a d i f f e r e n t  fo rm  o f  a s s o c i a t i o n  o f  t h e  enzyme w i t h  
t h e  n o n - d i f f e r e n t i a t e d  p lasma membrane i n  t h e  hepatoma s t u d i e d  
by them. 5 • - N u c l e o t i d a s e  uas a b s e n t  f ro m  t h e  i s o l a t e d  
g l o b u l a r  k n o b s .  Thus ,  t h e  two enzymes w o u ld  seem t o  have 
d i f f e r e n t  l o c a t i o n s  w i t h i n  t h e  p lasma membrane.
N a c h la s  ejt a^l. ( i 9 6 0 ) ,  u s i n g  a h i s t o c h e m i c a l  t e c h n i q u e  
i n v o l v i n g  t h e  use o f  L - l e u c y l - 4 - m e t h o x y - ^ ? -  n a p h t h y l a m id e  
as s u b s t r a t e ,  were a b le  t o  d e m o n s t r a t e  i n t e n s e  s t a i n i n g  i n  
t h e  b i l e  c a n a l i c u l a r  r e g i o n s  o f  human l i v e r .
The f a c t  t h a t  t h e  enzyme has been d e m o n s t r a t e d  
h i s t o c h e m i c a l l y  i n  t h e  b i l e  c a n a l i c u l i ,  t o g e t h e r  u i t h  t h e
absence  o f  t h e  g l o b u l a r  knobs i n  a hepatoma l a c k i n g  b i l e  
c a n a l i c u l i  (Emmelo t  eit al_. 1968)  i n d i c a t e s  t h a t  t h e  k n o b s ,  
and h e n c e . t h e  enzyme, a r e  a s s o c i a t e d  w i t h  t h e  b i l e  c a n a l i c u l a r  
r e g i o n s  o f  p lasma membrane.
The c o n f l i c t i n g  .ev idence  o f  Mahadevan and T a p p e l  ( 1 9 6 7 )  
on t h e  one hand ,  and Emmelot e_t a l ^  (1 9 6 8 )  and Coleman and 
E in e a n  (1 9 6 6 )  on th e  o t h e r ,  c o u p le d  w i t h  t h e  f a c t  t h a t  
5 * - n u c l e o t i d a s e  and LNA seem t o  have d i f f e r e n t  fo rm s  o f  
a s s o c i a t i o n  u i t h  p lasma membrane, w a r r a n t e d  f u r t h e r  
i n v e s t i g a t i o n  o f  t h e  l a t t e r  enzyme.
The w ork  r e p o r t e d  i n  t h i s  t h e s i s  showed s u b s t a n t i a l  
amounts  o f  LNA t o  be a s s o c i a t e d  u i t h  t h e  c ru d e  n u c l e a r ,  
m i t o c h o n d r i a l  p l u s  l y s o s o m a l ,  m ic r o s o m a l  and s o l u b l e  f r a c t i o n s  
o b t a i n e d  by d i f f e r e n t i a l  c e n t r i f u g a t i o n  o f  r a t  l i v e r  
h om ogena tes .  Flore d e t a i l e d  e x a m i n a t i o n  o f  t h e  p a r t i c u l a t e  
f r a c t i o n s  r e v e a l e d  t h a t  e f f e c t i v e l y  a l l  t h e  LNA a c t i v i t y  p r e s e n t  
i n  t h e  c ru d e  n u c l e a r  f r a c t i o n  c o u ld  be a t t r i b u t e d  t o  p . m . ,  
assum ing  AFlPase t o  be a p e r f e c t  p .m .  m a rk e r  ( se e  f i g .  5 . 3 ) ,  
and even when p .m . p u r i f i e d  f r o m  t h e  c ru d e  n u c l e a r  f r a c t i o n  
was re - h o m o g e n is e d  and s u b j e c t e d  t o  h ig h - s p e e d  c e n t r i f u g a t i o n  
i n  t h e  B—XIU r o t o r ,  no s e p a r a t i o n  o f  LNA f ro m  AFlPase a c t i v i t y  
was o b s e rv e d  (see  f i g .  6 . 1 4 ) .  Houever  t h e  a c t i v i t y  p r e s e n t  
i n  t h e  ‘ m i t o c h o n d r i a  p l u s  l y s o s o m e s *  f r a c t i o n  shoued a q u i t e  
d i f f e r e n t  d i s t r i b u t i o n  f ro m  t h a t  o f  AFlPase when t h i s  f r a c t i o n  
was c e n t r i f u g e d  i n  t h e  HS r o t o r  ( se e  f i g .  5 . 4 ) .  The 
d i s t r i b u t i o n  o b s e rv e d  i n d i c a t e d  p a r a l l e l i s m  be tween  LNA 
and t h e  p e ro x is o m e s  and ly s o s o m e s  p r e s e n t  i n  t h e  c e n t r a l  
p a r t  o f  t h e  g r a d i e n t .  AFlPase a c t i v i t y  was v e r y  l o w  i n  t h i s
r e g i o n .  S u b s e q u e n t l y  t h e  use o f  LIMA as a s p e c i f i c  p .m .  
m a r k e r ,  as s u g g e s te d  by B e n e d e t t i  and Emmelot ( 1 9 6 8 ) ,  
uas abandoned .  The l a c k  o f  l y so so m e s  i n  t h e  c ru d e  n u c l e a r  
f r a c t i o n  w a r r a n t s  t h e  g u a rd e d  use o f  LNA as a m a rk e r  when 
p .m .  s e p a r a t i o n s  a r e  c a r r i e d  o u t  u s in g  t h i s  f r a c t i o n  as 
s t a r t i n g  m a t e r i a l ,  b u t  f o r  s e p a r a t i o n s  f ro m  m ic ro s o m e s ,  w h ic h  
c o n t a i n  v a r i a b l e  b u t  a lw a y s  s u b s t a n t i a l  amounts  o f  l y s o s o m e s ,  
t h e  LNA a c t i v i t y  i s  n o t  a l l  a t t r i b u t a b l e  t o  t h e  p .m .  A n o th e r  
d raw back  t o  e m p lo y in g  LNA as a p .m .  m a rk e r  i s  i t s  s u b s t a n t i a l  
• s o l u b l e 1 a c t i v i t y .  T h i s  has two c o n s e q u e n c e s : -
. ( a )  I f  p u r i f i c a t i o n  f i g u r e s  a r e  q u o te d  i n  t e r m s  o f  
LNA r e l a t i v e  s p e c i f i c  a c t i v i t y ,  t h e y  w i l l  be a n o m a lo u s l y  
l o w .
and . ( b )  The p o s s i b i l i t y  e x i s t s  f o r  LNA t o  be a d s o rb e d  o n t o  
p .m .  and o t h e r  membranes, w h ic h  c o u ld  l e a d  t o  m i s i n t e r p ­
r e t a t i o n  o f  r e s u l t s .  P r e c e d e n ts  f o r  such a d s o r p t i o n  e x i s t ,  
f o r  example  a r g i n a s e  ( R o s e n t h a l  e t  a l . .  1 9 5 6 ) .
(ii) Zonal centrifugation of nost-lysosomal supernatants.
( a )  The f e f f e c t  o f  c e n t r i f u o a l  c o n d i t i o n s  on t h e
s e p a r a t i o n  o f  p lasma membrane f ro m  e n d o p la s m ic  
r e t i c u l u m  v e s i c l e s .
I s o p y c n i c  z o n a l  c e n t r i f u g a t i o n  i n  t h e  B.-XV r o t o r  o f
p o s t - l y s o s o m a l  s u p e r n a t a n t s  i n  s u c ro s e  g r a d i e n t s  b u f f e r e d
2+a t  pH7.4 i n  t h e  absence  o f  Fig i o n s  gave s e p a r a t i o n s  
s i m i l a r  t o  t h o s e  a c h ie v e d  by E l  Aaser  art a l .  ( 1 9 6 6 a )  
and F i t z s i m o n s  (1 9 6 9 )  u i t h  t h e  B - IV  r o t o r .  L i h i l e  smooth 
and ro u gh  m ic rosom es  u e re  e f f e c t i v e l y  s e p a r a t e d ,  l i t t l e  
s e p a r a t i o n  o f  p .m. f ro m  e . r .  i n  t h e  smooth  m ic roso m e  
r e g i o n  uas a c h ie v e d .
S e v e r a l  d e p a r t u r e s  f ro m  t h e  c o n d i t i o n s  used by 
E l  Aaser  and c o - w o r k e r s  and F i t z s i m o n s  u e re  made i n  
a t t e m p t s  t o  im p ro v e  t h e  l a t t e r  s e p a r a t i o n .  T h e s e '  
i n c l u d e d  i n c r e a s i n g  t h e  pH o f  t h e  g r a d i e n t  t o  8 . 6 ,  and 
a l s o  l o a d i n g  t h e  sample  o n to  th e  heavy  end o f  t h e  g r a d i e n t .  
N e i t h e r  o f . t h e s e  c o n d i t i o n s  r e s u l t e d  i n  a n y t h i n g  l i k e  p u re  
p .m . v e s i c l e s .
The f a c t  t h a t  Fig " i o n s  a f f e c t  t h e  c e n t r i f u g a l
b e h a v i o u r  o f  e . r .  v e s i c l e s  ( D a l l n e r  1963 ,  U a l l a c h ,  Kamat
and G a i l  1966)  uas e x p l o i t e d  i n  t h e  r u n s  r e p o r t e d  i n
2+C h a p te r  6. In  t h i s  s e r i e s  o f  e x p e r i m e n t s  Fig" i o n s  
u e re  i n c l u d e d  i n  t h e  g r a d i e n t  s o l u t i o n s .  The n e t  e f f e c t  
o f  t h i s  uas t o  i n c r e a s e  th e  mean d e n s i t y  o f  b o th  AFIPase -  
c o n t a i n i n g  ( p . m . )  and G6Pase -  c o n t a i n i n g  ( e . r . )  v e s i c l e s .  
H o u e ve r ,  s i n c e  t h e  e . r .  v e s i c l e s  u e re  more a f f e c t e d ,  some
AMPase e n r i c h m e n t  was o b s e rv e d  i n  th e  c e n t r a l  r e g i o n  u i t h  
5mMMg * i o n s  i n  t h e  g r a d i e n t ,  c o n f i r m i n g  t h e  e a r l i e r  u o r k  
o f  F i t z s i m o n s  ( 1 9 6 9 ) .  As i n  F i t z s i m o n s 1 s t u d y ,  t h e  
p u r i f i c a t i o n  o f  p .m. f r a g m e n t s  t h u s  a c h ie v e d  uas l o u .
? 4*A l t e r a t i o n s  o f  t h e  Mg" i o n  c o n c e n t r a t i o n ,  and pH o f  t h e  
g r a d i e n t  and p r i o r  p e r f u s i o n  o f  t h e  l i v e r  d i d  l i t t l e  t o  
im p ro v e  t h i s  p u r i f i c a t i o n ,  d e s p i t e  t h e  f a c t  t h a t ,  i n  some 
r u n s ,  t h e r e  uas v e r y  l i t t l e  c o n t a m i n a t i o n  o f  t h e  c e n t r a l  1 
r e g i o n  (^ /3-  1 . 1 0  -  1 . 1 4 )  u i t h  G6Pase a c t i v i t y .  Because o f  
t h i s ,  m a rk e r  enzymes u e re  used t o  a sse ss  t h e  amount o f  o t h e r  
s u b c e l l u l a r  e n t i t i e s  i n  t h i s  r e g i o n .
( b )  Assessment  o f  c o n t a m i n a t i o n  o f  t h e  p .m . by 
e n t i t l e s  o t h e r  t h a n  e . r .
Monoamine o x id a s e  has been p ro p o s e d  as an o u t e r  
m i t o c h o n d r i a l  membrane (OMM) m a rk e r  (S c h n a i tm a n  e t  a l .
1967)  and i t s  p re s e n c e  i n  t h e  p .m .  r e g i o n  uas d e m o n s t r a t e d  
i n  t h i s  s t u d y .  Th in es -S e m p o ux  et; ad. (1 9 6 9 )  a l s o  shoued 
M A O - c o n ta in i n g  membranes i n  m ic roso m e s  t o  have a s i m i l a r  
i s o p y c n i c  d e n s i t y  t o  t h o s e  c o n t a i n i n g  5 1- n u c l e o t i d a s e .
The h y p o t h e s i s  t h a t  MAO and 5 f - n u c l e o t i d a s e  m i g h t  be 
a s s o c i a t e d  u i t h  t h e  same g ro up  o f  p a r t i c l e s  uas d i s p r o v e d  
by th e s e  l a t t e r  a u t h o r s  uho shoued t h e  t u o  a c t i v i t i e s  t o  
be s e p a r a b l e  i f  t h e  m ic ro s o m a l  f r a c t i o n  uas p r e - t r e a t e d  
u i t h  0.25%  d i g n i t i n o n .  C o n t a m i n a t i o n  o f  t h e  m ic r o s o m a l  
p .m .  i n  t h e  p r e s e n t  s t u d y  uas n o t  e x t e n s i v e ,  as o n l y  7% 
o f  t h e  h o m o g e n a te ! s MAO a c t i v i t y  uas r e c o v e r e d  i n  t h e  
m ic ro s o m a l  f r a c t i o n .  A c i d ^ # -  g l y c e r o p h o s p h a t a s e , . a 
l ysoso m e  m a rke r  (de  Duve a t - a d .  1 9 5 5 ) ,  p o ssesse d  s u b s t a n t i a l
a c t i v i t y  i n  m ic rosom es  b u t  l i t t l e  o f  t h i s  uas fo u n d  i n  t h e  
p .m . r e g i o n  a f t e r  i s o p y c n i c  c e n t r i f u g a t i o n .  C o n t a m i n a t i o n  
by u h o le  m i t o c h o n d r i a ,  as ju d g e d  by s u c c i n a t e  d e h yd ro g e n a se  
a c t i v i t y ,  uas n e g l i g i b l e .  The a t t e m p t  made t o  a sse ss  l y s o s o m a l  
membrane c o n t a m i n a t i o n  u s i n g ^ 5 - g l u c o s i d a s e  as a m a rk e r  (Beck 
and T a p p e l  1968)  uas u n s u c c e s s f u l ,  as t h e  enzyme uas u n d e t e c t ­
a b le  i n  t h e  - r a t s  used .in t h i s  s t u d y .  Houever  t h e  absence  
o f  a c i d  p h o s p h a ta s e  i n d i c a t e s  t h e  absence  o f  l y s o s o m a l  
membranes as a b o u t  30% o f  t h e  a c i d  p h o s p h a ta s e  a c t i v i t y  i s  
membrane bound ( D o b r o t a ,  M . ,  p e r s o n a l  c o m m u n i c a t i o n ) .  The 
p o s s i b i l i t y  o f  c o n s i d e r a b l e  c o n t a m i n a t i o n  by a d s o rb e d  s o l u b l e  
p r o t e i n  uas r u l e d  o u t  as n e i t h e r  p r i o r  p e r f u s i o n  o f  t h e  l i v e r ,  
n o r  re m o v a l  o f  s o l u b l e  p r o t e i n  f ro m  th e  p a r t i a l l y - p u r i f i e d  
p .m .  r e s u l t e d  i n  a s i g n i f i c a n t  im p ro v e m e n t  i n  p u r i f i c a t i o n .
A l t h o u g h  no c o n t a m in a n t  can d e f i n i t e l y  be d e s c r i b e d  as 
b e in g  t h e  m a jo r  s o u rc e  o f  t h e  i m p u r i t y  o f  t h e  p .m .  i n  t h i s  
s e r i e s  o f  e x p e r i m e n t s ,  i t  i s  most l i k e l y  t h a t  e . r .  c o n t a m i n a t i o n  
o f  t h e  p .m . r e g i o n  uas l a r g e l y  r e s p o n s i b l e  f o r  t h e  l o u e r i n g  
o f  5 1- n u c l e o t i d a s e  s p e c i f i c  a c t i v i t y .  The e v id e n c e  f o r  t h i s  
i s  t h e  f a c t  t h a t  t h e  l e a d - i n c u b a t i o n  t e c h n i q u e ,  t h e  main
consequence  o f  u h i c h  uas t o  i n c r e a s e  t h e  d e n s i t y  o f  t h e  e . r .
f r a g m e n t s ,  and hence remove them f ro m  th e  c e n t r a l  ( p . m . )
p u r i f i e d
r e g i o n  o f  t h e  g r a d i e n t ,  r e s u l t e d  i n  a p .m .  f r a c t i o n .
I t  i s  u o r t h  r e - i t e r a t i n g  a t  t h i s  j u n c t u r e  a p o i n t  made i n  t h e  
i n t r o d u c t i o n ,  u h i c h  i s  t h a t  t h e  s p e c i f i c  a c t i v i t y  o f  G6Pase ■ 
i n  p u r i f i e d  e . r .  i s  much l o u e r  t h a n  t h a t  f o r  5 1- n u c l e o t i d a s e
i n  p u r i f i e d  p .m .  Hence a l o u  GBPase a c t i v i t y  i n  a p .m .
p r e p a r a t i o n  can r e p r e s e n t  c o n s i d e r a b l e  e . r .  c o n t a m i n a t i o n .
(iii) The lead incubation technique
The r e s u l t s  p r e s e n t e d  i n  C h a p te r  6 d e m o n s t r a t e  c l e a r l y  
t h a t  p r e - t r e a t m e n t  o f  r a t  l i v e r  m ic rosom es  u i t h  a l o u  
c o n c e n t r a t i o n  o f  l e a d  i o n s  ( 0 . 5  -  ImM) and s o n i c a t i o n  a l l o u s  
s e p a r a t i o n ,  i n  t h e  B -X IV  z o n a l  r o t o r ,  o f  some o f  t h e  p lasma 
membrane v e s i c l e s  f r o m  t h e  e n d o p la s m ic  r e t i c u l u m  v e s i c l e s .
The p re s e n c e  o f  G6P i n  th e  p r e - i n c u b a t i o n  medium, as used i n  
e a r l y  e x p e r i m e n t s  and i n  a s i m i l a r  p r o c e d u r e  by L e ske s  and 
S i e k e v i t z  ( 1 9 6 9 ) ,  uas l a t e r  p ro v e d  u n n e c e s s a r y .  The l e a d  
c o n c e n t r a t i o n  uas. found t o  be c r i t i c a l ,  0.25mM r e s u l t i n g  i n  . 
i n c o m p l e t e  re m o v a l  o f  e n d o p la s m ic  r e t i c u l u m  v e s i c l e s  and ImM 
r e s u l t i n g  i n  some l o s s  i n  y i e l d  o f  p u r i f i e d  p lasma membrane 
v e s i c l e s  as compared t o  0.5mM.
The s e p a r a t i o n  i s  a c h ie v e d  by an i n c r e a s e  i n  t h e  d e n s i t y
o f  t h e  e n d o p la s m ic  r e t i c u l u m  v e s i c l e s ,  p r e s u m a b ly  by t h e
b i n d i n g  o f  l e a d  i o n s  t o  t h e  v e s i c l e s .  Lead a s s a y s  on t h e
f r a c t i o n s  f ro m  a z o n a l  r u n  c a r r i e d  o u t  a f t e r  p r e - i n c u b a t i o n  
2+u i t h  0 . 5  mM Pb shoued a l a r g e  peak i n  t h e  same p o s i t i o n  as 
t h e  e . r .  peak a t  t h e  heavy  end o f  t h e  g r a d i e n t .
E x p e r im e n ts  on r a t  hepatoma and dog l i v e r  ( p r e s e n t e d  
i n  c h a p t e r s  7 and 9)  shoued a h i g h e r  c o n c e n t r a t i o n  o f  l e a d  
i o n s  t o  be r e q u i r e d  f o r  e f f e c t i v e  s e p a r a t i o n  o f  p lasm a  membrane 
v e s i c l e s  f ro m  th e s e  t i s s u e s  t h a n  f ro m  r a t  l i v e r .  T h i s  uas 
someuhat  s u r p r i s i n g  i n  v i e u  o f  t h e  l o u e r  amount o f  p r o t e i n ,  
m o s t l y  a s s o c i a t e d  u i t h  t h e  e n d o p la s m ic  r e t i c u l u m ,  f o u n d  i n  t h e  
r a t  hepatoma and dog l i v e r  m ic ro s o m e s 0' Uhy t h e  h i g h e r  
c o n c e n t r a t i o n  uas r e q u i r e d  r e m a in s  o b s c u r e ,  a l t h o u g h  i t  i s  o f
i n t e r e s t  t h a t  L a r t e r  and c o - u o r k e r s  (1 9 7 2 )  fo u n d  t h a t  
‘ n u c l e a r 1 p .m.  i s o l a t i o n  p r o c e d u r e s  t h a t  u o r k e d  f o r  r a t  o r  
g u in e a  p i g  l i v e r  d i d  n o t  uork f o r  r a b b i t  o r  c a t  l i v e r .
The p r e - t r e a t m e n t  uas shown t o  m a r k e d l y  a f f e c t  t h e  
d i s t r i b u t i o n s  o f  p lasma membrane enzymes as w e l l  as t h e  
e . r .  m a rk e r , .  G6Pase, and some s e p a r a t i o n  o f  t h e  p .m. 
a c t i v i t i e s  f ro m  each o t h e r  uas o b s e r v e d .  I n  some cases  
t h e  s e p a r a t i o n  m i g h t  be e x p l a i n e d  by t h e  enzymes n o t  b e in g  
e x c l u s i v e l y  l o c a l i s e d  i n  t h e  p lasma membrane. Such c o u ld  
be t h e  case f o r  LNA u h i c h  uas .shoun t o  be a l s o  p r e s e n t  i n  
l y s o s o m e s ,  and a l k a l i n e  p h o s p h o d i e s t e r a s e ,  p a r t  o f  t h e  
supposed  membraneous a c t i v i t y  o f  u h i c h  m i g h t  r e p r e s e n t  
a d s o rb e d  s o l u b l e  a c t i v i t y .  H ouever  i t  a p p e a rs  l i k e l y  t h a t  
t h e  p lasma membrane v e s i c l e s  p r e s e n t  i n  t h e  v a r i o u s  r e g i o n s  
o f  t h e  g r a d i e n t  a f t e r  l e a d  p r e - t r e a t m e n t  d i f f e r  u i t h  r e s p e c t  
t o  e n z y m o l o g i c a l  m ake -up .  T h i s  a p p a r e n t  s u b f r a c t i o n a t i o n  o f  
p lasma membrane uas n o t  seen t o  any s i g n i f i c a n t  e x t e n t  uhen
t \
p u r i f i e d  n u c l e a r  p .m .  uas s u b j e c t e d  t o  s o n i c a t i o n  and l e a d  
t r e a t m e n t  f o l l o u e d  by i s o p y c n i c  c e n t r i f u g a t i o n .  The f a c t  t h a t  
t h e  p .m .  s e d im e n t i n g  i n  t h e  c ru d e  n u c l e a r  f r a c t i o n  d e r i v e s  
l a r g e l y  f ro m  th e  b i l e  c a n a l i c u l a r  membranes, as i s  e v i d e n t  
f ro m  m o r p h o l o g i c a l  e x a m i n a t i o n ,  i s  c o m p a t i b l e  u i t h  t h e  i d e a  
t h a t  a l a r g e  p r o p o r t i o n  o f  t h e  m ic r o s o m a l  p . m . ‘ i s  d e r i v e d  
f ro m  t h e  s i n u s o i d a l  u a l l .  A p o s s i b l e  e x p l a n a t i o n  o f  t h e  
s e p a r a t i o n  o f  p .m .  enzymes i s  t h a t  t h e  p .m .  f r a g m e n t s  d e r i v i n g  
f ro m  t h e  b i l e  c a n a l i c u l i  band i n  t h e  c e n t r a l  p a r t  o f  t h e  
g r a d i e n t  and th o s e  d e r i v i n g  f r o m  th e  s i n u s o i d a l  u a l l  a t : t h e  
end o f  t h e  g r a d i e n t .  Houever  t u o  o b s e r v a t i o n s  make t h i s  
t h e o r y  u n t e n a b l e .  These a r e  f i r s t l y  t h a t  e n z y m a t i c
d i f f e r e n c e s  b e tu e e n  th e  ‘ n u c l e a r *  and ‘ m i c r o s o m a l 1 p .m .  
u e re  o b s e rv e d  i n  t h i s  s t u d y ,  and s e c o n d l y  t h a t  t h e  r e l a t i v e  
p r o p o r t i o n  o f  t h e  p .m . enzymes i n  t h e  c e n t r a l  and heavy  
r e g i o n s  u e re  d e p e n d e n t  on th e  l e a d  c o n c e n t r a t i o n  used i n  
t h e  p r e - i n c u b a t i o n  medium.
S e v e r a l  o t h e r  u o r k e r s  have o b t a i n e d  e v id e n c e  f o r  
h e t e r o g e n e i t y  i n  t h e  p lasma membrane. Evans ( 1 9 6 9 ,  1970)  
s u b j e c t e d  l i v e r  p lasma membrane f r a g m e n t s ,  p r e p a r e d  f r o m  a 
c ru d e  n u c l e a r  f r a c t i o n ,  t o  v i g o r o u s  h o m o g e n is a t i o n  u i t h  a 
t i g h t  f i t t i n g  Dounce h o m o g e n is e r  f o l l o u e d  by i s o p y c n i c  d e n s i t y  
g r a d i e n t  c e n t r i f u g a t i o n .  T h i s  p r o c e s s  r e s u l t e d  i n  t u o  
s u b f r a c t i o n s ;  a t -  1 . 1 2  i n  u h i c h  AMPase and LIMA u e re  
c o n c e n t r a t e d  and a t ^ o =  1 .1 8  i n  u h i c h  IMa+ -  (K + ,
ATPase uas c o n c e n t r a t e d .  The l i g h t e r  s u b f r a c t i o n  uas 
l a r g e l y  v e s i c u l a r  u h i l e  t h e  h e a v i e r  s u b f r a c t i o n  c o n s i s t e d  
l a r g e l y  o f  membrane s h e e t s  i n c l u d i n g  j u n c t i o n a l  c o m p le x e s .
H is  e x p e r i m e n t s  u n l i k e  th o s e  d e s c r i b e d  i n  t h i s  t h e s i s ,  
r e s u l t e d  i n  l i t t l e  s e p a r a t i o n  o f  LIMA f ro m  AMPase a c t i v i t y .
House and Ueidemann (1 9 7 0 )  i s o l a t e d  t h r e e  d i f f e r e n t  
p .m .  f r a c t i o n s  f r o m  r a t  l i v e r ,  t u o  f ro m  t h e  n u c l e a r  f r a c t i o n  
by a m o d i f i c a t i o n  o f  Co lemanf s p r o c e d u r e  (Coleman e t  a l .  1967)  
and one f ro m  th e  m ic ro s o m a l  f r a c t i o n  u s in g  U a l l a c h  and K a m a t ’ s 
(1 9 6 4 )  p r o c e d u r e .  C o n s i d e r a b l e  d i f f e r e n c e s  i n  enzyme 
a c t i v i t i e s  b e tu e e n  th e s e  t h r e e  f r a c t i o n s  u e re  o b s e r v e d .  Thus 
t h e  h e a v i e r  ‘ n u c l e a r *  p .m. m a t e r i a l  ( i s o l a t e d  a t ^ o  = 1 . 1 8 )  
uas h i g h  i n  a l k a l i n e  p h o s p h a ta s e  and l o u  i n  5 * - n u c l e o t i d a s e ,  
u h e r e a s ; t h e  r e v e r s e  uas o b s e rv e d  i n  t h e  m ic r o s o m a l  p .m .
The l i g h t e r  ‘ n u c l e a r ’ p .m .  ( i s o l a t e d  a t />= 1 . 1 7 )  p o s s e s s e d
i n t e r m e d i a t e  l e v e l s 1 o f  b o th  th e s e  enzymes. I n t e r e s t i n g l y ,  
t h e  m ic ro s o m a l  p .m. shoued i n s u l i n  b i n d i n g  a c t i v i t y ,  u h i c h  
i s  a lm o s t  c e r t a i n l y  a s s o c i a t e d  u i t h  t h e  s i n u s o i d a l  s u r f a c e .  
T o u s t e r  jet  aJL. (1 9 7 0 )  fo u n d  ‘ n u c l e a r 1 and 'm i c r o s o m a l '  p . m . ,  
p r e p a r e d  by t e c h n i q u e s  d e v i s e d  by t h e m s e lv e s ,  t o  be v e r y  
s i m i l a r  i n  e n z v m o l o g i c a l  and c h e m ic a l  m ake-up .
I t  i s  d i f f i c u l t  t o  d i s c e r n  s i m i l a r i t i e s  b e tu e e n  th e  
s u b f r a c t i o n s  o f  Evans and t h e  m ic r o s o m a l  p .m . p r e p a r e d  by 
t h e  l e a d  i n c u b a t i o n  t e c h n i q u e .  Houever  t h e  m ic ro s o m a l  
p .m .  o f  House and Ueidemann uas s i m i l a r  t o  t h a t  p r e p a r e d  
a f t e r  l e a d  t r e a t m e n t  i n  t h a t  i t  po ssesse d  h i g h  5 * - n u c l e o t i d a s e  
and l o u  a l k a l i n e  p h o s p h a ta s e  a c t i v i t y .  House and U e id e m a n n 's  
r e s u l t s  do n o t  a g ree  u e l l  u i t h  t h o s e  o f  Graham jet aJL. ( 1 9 6 8 )  
uho fo u n d  t h a t  t h e  ' n u c l e a r '  p .m. p r e p a r e d  by th e  t e c h n i q u e  
o f  Emmelot et, i a l . (1 9 6 4 )  uas v e r y  s i m i l a r  i n  enzyme a c t i v i t i e s  
t o  t h e  ' m i c r o s o m a l '  p .m.  p r e p a r e d  by t h e  U a l l a c h  and Kamat 
( 1 9 6 4 )  p r o c e d u r e .
The t e c h n i q u e s  used by T o u s t e r  and c o - u o r k e r s  (1 9 7 0 )  
t o  p r e p a r e  t h e i r  t u o  p.m. s p e c ie s  u e re  v e r y  s i m i l a r ,  b o th  
b e in g  p r e p a re d  by f l o t a t i o n  o f  t h e  r e l e v a n t  f r a c t i o n  ( n u c l e a r  
o r  m i c r o s o m a l )  t h r o u g h  a d i s c o n t i n u o u s  s u c r o s e  g r a d i e n t .
The p .m . uas c o l l e c t e d  a t  th e ^?  = 1 . 0 3 / 1 . 1 5  i n t e r f a c e  f r o m  t h e  
m ic ro s o m a l  and a t  the^? -  1 . 0 3 / 1 . 1 7  i n t e r f a c e  f ro m  t h e  n u c l e a r  
f r a c t i o n .  I n t e r e s t i n g l y ,  a s i m i l a r  t e c h n i q u e  used i n  t h e  
p r e s e n t  s t u d y  (see  f i g s .  4 . 4  and 4 . 5 )  d i d  n o t  r e s u l t  i n  a 
p u re  p .m. f r a c t i o n ,  t h e r e  b e in g  c o n s i d e r a b l e  e . r .  c o n t a m i n -
i
a t i o n  o f  t h e  p .m . r e g i o n .  Houever  a s u b s t a n t i a l l y  g r e a t e r  
p r o p o r t i o n  o f  t h e  t o t a l  p .m.  uas r e c o v e r e d  i n  t h e  m ic r o s o m a l
f r a c t i o n s  o f  T o u s t a r  and c o - u o r k e r s  t h a n  i n  t h e  p r e s e n t  s t u d y ,  
as shown by th e  much h i g h e r  p r o p o r t i o n  o f  t h e  p .m.  enzymes 
APIPase ( 5 5 / )  and a l k a l i n e  p h o s p h o d ie s t e r a s e  ( 5 1 / )  fo u n d  
i n  t h e i r  m ic ro s o m e s .  The c o r r e s p o n d i n g  f i g u r e s  f o r
m ic roso m e s  p r e p a r e d  i n  th e  p r e s e n t  s t u d y  u e r e ,  f o r  AMPase,
2 1 /  and,  f o r  a l k a l i n e  p h o s p h o d i e s t e r a s e ,  3 3 / .  These
d i f f e r e n c e s  m i g h t  a l s o  e x p l a i n  uhy T o u s t e r  and c o - u o r k e r s  fo u n d  
t h e i r  m ic ro s o m a l  p .m . t o  be v e r y  s i m i l a r  t o  t h e  n u c l e a r  s p e c ie s  
u h e re a s  s u b s t a n t i a l  d i f f e r e n c e s  u e re  o b s e rv e d  f o r  t h e  n u c l e a r  
and m ic r o s o m a l  p .m. p re p a r e d  i n  t h i s  s t u d y  (se e  t a b l e  6 ) .
The re a s o n  f o r  t h e  h ig h  r e c o v e r y  o f  p .m .  i n  t h e  m ic r o s o m a l  
f r a c t i o n s  o f  T o u s t e r  and c o l l e a g u e s  i s  o b s c u r e .  A_ p r i o r i  
one w ou ld  e x p e c t  a l o w e r  p r o p o r t i o n  o f  p .m .  i n  m ic roso m e s  
th a n  i n  t h e  p r e s e n t  s t u d y  s i n c e  a l e s s  v i g o r o u s  h o m o g e n s ia t i o n  
t e c h n i q u e  uas used by T o u s t e r  et- a l#  P o s s i b l y  t h e  anomaly
_ between «l"ncuV)S StretuSS
r e p r e s e n t s  . d i f f e r e n c e / a s  d i f f e r e n t  ppM HHB
o f  r a t s  u e re  used by T o u s t e r  e t  a l . f ro m  th o s e  used i n  t h i s  
s t u d y .
The r e l a t i v e  s p e c i f i c  a c t i v i t i e s  o f  AMPase, a l k a l i n e  
p - n i t r o p h e n y l p h o s p h a t a s e , a l k a l i n e  p h o s p h o d ie s t e r a s e  and LNA 
i n  th e  m ic ro s o m a l  p .m. p r e p a r e d  a f t e r  l e a d  t r e a t m e n t  u e re  
l o u e r  i n  e v e r y  case th a n  t h e  e q u i v a l e n t  f i g u r e s  f o r  t h e  
n u c l e a r  p .m.  p r e p a r e d  by th e  method o f  H i n t o n  e t  aJU ( 1 9 7 0 ) .
T h i s  o b s e r v a t i o n  does n o t  n e c e s s a r i l y  mean t h a t  t h e  m ic r o s o m a l  
p .m. i s  any l e s s  p u re  as i t  i s  p o s s i b l e ,  due t o  t h e  h e t e r o g e n e i t y  
o f  t h e  p . m . ,  t h a t  t h e  enzymes s t u d i e d  may be c o n c e n t r a t e d  i n  
r e g i o n s  o f  t h e  p .m.  u h i c h  p r e f e r e n t i a l l y  s e d im e n t  i n  t h e  n u c l e a r  
f r a c t i o n .  T h i s  c e r t a i n l y  a p pe a rs  t o  be the .  case f o r  LNA 
u h e r e  t h e  p a u c i t y  o f  t h e  enzyme i n  t h e  m ic r o s o m a l  p .m . as
compared t o  th e  n u c l e a r  p .m. uas v e r y  p ro n o u n c e d .  Houever
i t  i s  l i k e l y  t h a t  t h e r e  i s  some c o n t a m i n a t i o n  o f  t h e  m ic ro s o m a l
p .m .  The p re s e n c e  o f  G6Psse i n  b o th  n u c l e a r  and m ic ro s o m a l
p .m . i s  i n d i c a t i v e  o f  c o n t a m i n a t i o n ,  a l b e i t  s m a l l ,  by e . r .
Houever  t h e  f a c t  t h a t  a lm o s t  w i t h o u t  e x c e p t i o n  l i v e r  p .m.
p r e p a r a t i o n s ,  p r e p a r e d - b y  a u id e  ra n ge  o f  d i f f e r e n t  t e c h n i q u e s ,
have been fo u n d  t o  c o n t a i n  m e a s u ra b le  G6Pase a c t i v i t y  i n d i c a t e s
t h a t  t h e r e ,  may be a low  in d ig e n o u s -  G6Pase a c t i v i t y  i n  p .m .*
S u p p o r t i n g  t h i s  h y p o t h e s i s ,  i s  t h e  o b s e r v a t i o n  t h a t  t h e r e
a p p e a rs  t o  be l i t t l e  c o r r e l a t i o n  b e tu e e n  e x t e n t  o f  G6Pase
a c t i v i t y  i n  p .m .  p r e p a r a t i o n s  and t h e  p u r i t y  o f  t h e  p r e p a r a t i o n s
(a s  can be seen by c o m p a r in g  d a ta  p r e s e n t e d  by th e  a u t h o r s
q u o te d  i n  t h e  s e c t i o n  o f  t h e  I n t r o d u c t i o n  on t h e  i s o l a t i o n  o f
p .m . f r a g m e n t s ) .  I f  t h e  a c t i v i t y  r e p r e s e n t e d  e . r .  c o n t a m i n a t i o n
one u o u ld  e x p e c t  t h a t  t h e  p u r e r  p .m .  p r e p a r a t i o n s  (a s  j u d g e d
by m a rke r  enzymes such, as AMPase) u o u ld  be l o u e r  i n  G6Ps.se.
C o n t a m i n a t i o n  o f  t h e  m ic ro s o m a l  p .m. by o u t e r  m i t o c h o n d r i a l
membrane, shoun t o  be p r e s e n t  i n  t h e  r e l e v a n t  r e g i o n  o f  t h e
2 +g r a d i e n t  i n  r u n s  c a r r i e d  o u t  i n  t h e  p re s e n c e  o f  Mg '  i o n s ,  i s  
l i k e l y  a l t h o u g h  t h i s  s o u rc e  o f  c o n t a m i n a t i o n  must  be m i n i m a l  
because o f  t h e  lo w  MAO a c t i v i t y  i n  m ic ro s o m e s .  The g o l g i  
a p p a r a t u s  i s  u n l i k e l y  t o  s e d im e n t  i n  t h e  m ic r o s o m a l  p .m . 
r e g i o n  as F l e i s c h e r  and F l e i s c h e r  (1 9 7 0 )  have shoun i t  t o  
have an i s o p y c n i c  d e n s i t y  o f  1 . 1 2 .
As d i s c u s s e d  above ,  th e  l e a d  i n c u b a t i o n  t e c h n i q u e  uas 
s u c c e s s f u l l y  a p p l i e d  t o  th e  p u r i f i c a t i o n  o f  hepatoma p lasma 
membranes. In d e e d ,  based on th e  f e u  i s o l a t i o n s  p e r f o r m e d ,  
t h e  t e c h n i q u e  £ an be s a i  d t o  have been more s u c c e s s f u l  t h a n  
u i t h  n o rm a l  l i v e r , ,  s i n c e  th e  p .m .  f r a g m e n t s  u e r e  a t  l e a s t
’ 2 0 - f o l d  e n r i c h e d  i n  'AMPase a c t i v i t y .  Emmelot and B e n e d e t t i
( 1 9 6 7 )  have p o i n t e d  o u t  t h a t  t h e  l o s s  o f  c e l l  c o n t a c t  i n h i b i t i o n
and changes i n  t h e  p e r m e a b i l i t y  and a n t i g e n i c  c o n t e n t  i n  tu m o u r  
\
p lasma membranes may be s i g n i f i c a n t  e v e n t s  i n  c a r c i n o g e n e s i s .
The p a u c i t y  o f  p r o c e d u r e s  f o r  i s o l a t i n g  hepatoma p lasma membranes 
has been d i s c u s s e d  i n  t h e  i n t r o d u c t i o n .  The p r e s e n t  m e th o d ,  
r e q u i r i n g  o n l y  a s i n g l e  c e n t r i f u g a t i o n ,  c o u ld  fo rm  t h e  b a s i s  
f o r  a s t u d y  o f  t h e  above cha ng e s ,  a l t h o u g h  t h i s  uas n o t  p u rs u e d  
by t h e  w r i t e r .  The p ro b le m s  a s s o c i a t e d  u i t h  t h e  i s o l a t i o n  o f  
hepatoma p lasma membrane f r a g m e n t s  f ro m  a c ru d e  n u c l e a r  f r a c t i o n ,  
nam ely  the. r i s k  o f  n u c l e a r  l y s i s ,  r e s u l t i n g  i n  a n u c l e o p r o t e i n  
g e l ,  and th e  f a c t  t h a t  m i t o c h o n d r i a  have a s i m i l a r  s i z e  and 
d e n s i t y  t o  t h e  p .m . f r a g m e n t s  ( P r o s p e r o  and H i n t o n  1 9 7 3 ) ,  a re  
a v e r t e d  i f  t h e  s e p a r a t i o n  i s  c a r r i e d  o u t  u i t h  a m ic r o s o m a l  
f r a c t i o n  as s t a r t i n g  m a t e r i a l .
The s e p a r a t i o n  o f  t h e  p .m. enzyme a c t i v i t i e s  f ro m  each 
o t h e r ,  as uas o b s e rv e d  upon z o n a l  c e n t r i f u g a t i o n  o f  a l e a d -  
t r e a t e d  n o rm a l  l i v e r  m ic ro s o m a l  f r a c t i o n ,  u a s . n o t  seen u i t h  
hepatoma m a t e r i a l .  The re a s o n  f o r  t h i s  i s  n o t  c l e a r ,  a l t h o u g h  
as d i s c u s s e d  e l s e w h e r e  (se e  page 209) d i f f e r e n c e s  i n  t h e  fo rm  
o f  a s s o c i a t i o n  o f  enzymes u i t h  t h e  p lasma membrane o f  hepatoma 
f ro m  t h a t  i n  l i v e r  a re  l i k e l y ,  u h i c h  m i g h t  e x p l a i n  t h e  o b s e rv e d  
d i f f e r e n c e s  i n  d i s t r i b u t i o n s .  .
A l t h o u g h  a f u l l - s c a l e  c o m p a r is o n  o f  hepatoma and n o rm a l  
l i v e r  p .m .  uas n o t  c a r r i e d  o u t ,  t h e  u s e f u l n e s s  o f  t h e  l e a d  
i n c u b a t i o n  t e c h n i q u e  i n  f a c i l i t a t i n g  such a c o m p a r a t i v e  s t u d y  
i s  . i l l u s t r a t e d  by t h e  r e s u l t s  o b t a i n e d  u i t h  t h e  l i v e r s  o f  t h e  
c o n t r o l  and p e s t i c i d e - f e d  dogs as d e s c r i b e d  i n  c h a p t e r  9 .
In  c o n c l u s i o n ,  i t  can be s a i d  t h a t  t h e  l e a d  i n c u b a t i o n  
t e c h n i q u e  p r o v i d e d  a n o v e l  s o l u t i o n  t o ” wha t  p ro v e d  t o  be a
d i f f i c u l t  p r o b le m ,  namely  t h e  i s o l a t i o n  o f  p u r i f i e d  p .m.
\
f r a g m e n t s  f ro m  l i v e r  m ic r o s o m a l  m a t e r i a l  by z o n a l  c e n t r i ­
f u g a t i o n .  In  v ie w  o f  t h e  h e t e r o g e n e i t y  o f  t h e  p lasma 
membrane, i t  i s  n o t  s u r p r i s i n g  t h a t  e n z y m o l o g i c a l  d i f f e r e n c e s  
u e re  o b s e rv e d  b e tu e e n  th e  m ic ro s o m a l  p .m. and th e  l a r g e  s h e e ts  
s e p a r a b l e  f ro m  c ru d e  n u c l e a r  f r a c t i o n s .  H o u e v e r ,  due f i r s t l y  
t o  t h e  p r e s e n t . l a c k  o f  kn ow ledge  o f  th e  p r e c i s e  l o c a t i o n  u i t h i n  
t h e  p .m . o f  t h e  v a r i o u s  enzymes s t u d i e d  and s e c o n d l y  t o  t h e  
f a c t  t h a t  i t  i s  n o t  p o s s i b l e  t o  r e c o g n i s e  t h e  v a r i o u s  f u n c t i o n a l  
p a r t s  o f  t h e  p .m. by e l e c t r o n - m i c r o s c o p i c a l  e x a m in a t i o n  o f  th e  
m ic ro s o m a l  m a t e r i a l ,  i t  i s  p o s s i b l e  o n l y  t o  make v e r y  t e n t a t i v e  
s u g g e s t i o n s  as t o  th e  s t r u c t u r a l  and f u n c t i o n a l  s i g n i f i c a n c e  o f .  
t h e s e  e n z y m o l o g i c a l  d i f f e r e n c e s .
More i n t e r e s t i n g  uas t h e  o b s e r v a t i o n  t h a t  t h e  m ic r o s o m a l  
p.m., uas h e te ro g e n e o u s  u i t h i n  i t s e l f ,  t h e r e  b e in g  s u b s t a n t i a l  
■ s e p a ra t io n  o f  t h e  p .m. -  a s s o c i a t e d  enzymes f ro m  each o t h e r .
I t  i s  u n l i k e l y ,  t h a t  even u i t h i n  a f u n c t i o n a l l y  d i s t i n c t  p a r t  
o f  th e  p .m .  t h e  m o le c u l e s  o f  a p a r t i c u l a r  enzyme a re  e v e n l y  
d i s t r i b u t e d .  More p r o b a b l y  t h e y  a re  c o n c e n t r a t e d  i n t o  zones 
o f  r e l a t i v e l y  h i g h  a c t i v i t y .  I f  t h i s  i s  t h e  c a s e ,  t h e n ,  due 
t o  t h e  s m a l l n e s s  o f  t h e  m ic ro s o m a l  p .m . f r a g m e n t ^  p a r t i c u l a r l y  
a f t e r  s o n i c a t i o n ,  t h e  v a r i o u s  f r a g m e n t s  w i l l  d i f f e r  i n  s p e c i f i c  
enzyme a c t i v i t y  and p o s s i b l y  i s o p y c n i c  d e n s i t y .  The o b s e rv e d  
s e p a r a t i o n  o f  t h e  p .m . a c t i v i t i e s  l e n d s  w e i g h t  t o  t h i s  h y p o t h e s i s
. Of t h e  enzyme's s t u d i e d ,  a l k a l i n e  p h o s p h a ta s e ,  and t o  a 
l e s s e r  e x t e n t ,  5 1- n u c l e o t i d a s e  and LNA a c t i v i t i e s  i n  serum
a re  c l i n i c a l l y  u s e f u l  i n  t h e  d i a g n o s i s  o f  l i v e r  d i s e a s e .
By f u r t h e r  s t u d y  o f  t h e  h e t e r o g e n e i t y  o f  t h e  p .m .  and t h e  
e n z y m o l o g i c a l  changes t h a t  t a k e  p la c e  i n  t h e  v a r i o u s  p .m .  r e g i o n s  
d u r i n g  t h e  o n s e t  o f  t h e s e  d i s e a s e s ,  u s in g  t e c h n i q u e s  f o r
4
i s o l a t i o n  o f  p .m. s u b f r a c t i o n s  such as t h a t  d e v e lo p e d  d u r i n g  
t h e  p r e s e n t  u o r k ,  i t  s h o u ld  be p o s s i b l e  t o  g a in  a f u l l e r  u n d e r ­
s t a n d i n g  o f  t h e  mechanism o f  t h e  d e v e lo p m e n t  o f  t h e  d i s e a s e s .
\
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